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ADVERTISEinSNT 

OF TBfi AMBBZOAM S9XTOB. 

THJ^ familiar and agreeable manner in which the ** Conversations on 
Chemistry" are written, renders this one of the most popular treatises on the 
subject which has ever appeared. The ele|{ant and easy style idbo, in which 
the authoress has managed to convey 8cienti£c instruction is peculiarly adapt' 
ed to the object of the work. 

In some respects, however, the English edition may be consid^sred as ob- 
jectionable. A book designed for the instruction of youth, ought, if potsi- 
ble, to contain none but established principles. 

Known and allowed facts are always of much higher consequence than 
theoretical opinions. To youth, particularly, by advancing as truths, doc- 
trines which have arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryan has not been sufficiently guard- 
ed. The briltiant diseoveries of Sir Humphrey Davy, and his known emin- 
ence as a Chemical Philosopher, seem in mAuy instances to have given his 
opinions an authority, which, in the mind of tne writer, saperseded further 
investigation. Indeed, inferences are sometimes drawn from these opinions 
which they hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil agunst adopting opinions which he will 
find either contradicted, or merely examined by most chemical writers. In 
addition to this, I have made such explanations of. the text as I thought 
would assist the pupil in understanding what he reads. 

In attempting to make this science popular, and of general utility, it is of 
great importance that the experiments come within the use of such instru- 
ments as are easily obtained. I have therefore given such directions on this 
snbjeet as my fbrmear exnerience, as a lecturer, with a small apparatus, 
taught me to believe would be of service. 

The list of experiments was chiefly made up without referring to books ; 
some few of them, however, are copied from Parke, Accum, &c. 

REMARKS BY THB REV. MR. BLAKE. 

The questions, in the present edition, are placed at the bottom of the 
several pages to which they relate. This plan has been adopted in the Bos- 
ton edition of Conversations on Natural Philosophy, and is become very pop- 
ular. The advantages of it are too obvious to escape observation, and, of 
course, to need being partkularized. It will be seen that the questions are 
more numerous than tney were in the two first impressions from this copy. 
It may be supposed by persons not acquainted with teaching, that they are 
ioo numerous, as some of them are repeated in different forms, and others 
are seemingly unimportant. But k is found necessary that scholars should 
be examined on every page, and upon nearly every paragrauh, whether there 
is any thing very important or not. No small portion of learners will pass 
over without study, all in which they are not to btf <;pie6tioried. Hence what 
might be called a system of questions would be quite insufficient. 



PRBFAOB. 

Is venturing to offer to the public^ and more particularly to 
the female sex, an Introduction to Chemistry, the author, 
herself a woman, conceives that some explanation may be 
required ; and she feels it the more necessary to apologize 
for the present undertaking, as her knowledge of the subject 
is but recent, and as she can have no real claims to the title 
of chemist. 

On attending for the first time experimental lectures, the 
author found it almost impossible to derive any clear or satis- 
factory information from the rapid demonstrations which are 
usually, and perhaps necessarily, crowded into popular cour- 
ses of this kind. But frequent opportunities having after- 
wards occurred of conversing with a friend on the subject of 
chemistry, and of repeating a variety of experiments, she be- 
came better acquainted with the principles of that science, 
and began to feel highly interested in its pursuits. It was then 
that she perceived, in attending the excellent lectures deliver- 
ed at the Royal Institution, by the present Professor of Chem- 
istry, the great advantage which her previous knowledge of 
the subject, slight as it was, gave her over others who had not 
enjoyed the same means of private instruction. Every fact 
or experiment attracted her attention, and served to explain 
some theory to which she was not a total stranger ,* and she 
had the gratification to find that the numerous and elesant 
illustrations, for which that school is so much distinguished, 
seldom failed to produce on her mind the effect for which 
they were intended. 

Hence it was natural to infer, that familiar conversation 
was, in studies of this kind, a most useful auxiliary source of 
information ; and more especially to the female sex, whose 
education is seldom calculated to prepare their minds for 
abstract ideas, or scientific language. 

As, however, there are but few women who have access 
to this mode of instruction ; and as the author was not ac- 
quainted with any book that could prove a substitute for it, 
she thought it might be useful for beginners, as well as sat- 
isfactory to herself, to trace the steps by which she had ac* 
quired her little stock of chemical knowledge, and to record, 
in the form of dial<Mpne, those ideas which she had first deri* 
ved from conversation. 

But to do this with sufficient method, and to fix upon a mode 
of arrangement, was an object of some difficulty. After much 
hesitation, and a degree of embarrassment, which, probably, 
the most competent chemical writers have often felt in com- 
mon with the most superficial, a mode of division was adopt* 



PREFACE. V 

edy which, though the most natural, does not always admit of 
being strictly pursued — it is that of treating first of the sim- 
plest bodies, and then gradually rising to the most intricate 
compounds. 

It is not the author's intention to enter into a minute vindi- 
cation of this plan. But whatever may be its advantages or 
inconveniences, the method adopted in this work is such, 
that a young pupil, who should only recur to it occasionally 
with a view to procure information on particular subjects, 
might often find it obscure or unsatisfactory ; for its various 
parts are so connected with eaclr other as to form an uninter- 
rupted chain of facts and reasonings, which will appear suf- 
ficiently clear and consistent to those only who may have pa- 
tience to go through the whole work, or have previously de- 
voted some attention to the subject. 

It will, no doubt, be observed, that in the course of these 
Conversations, remarks are often introduced, which appear 
much too acute for the young pupils, by whom they are sup- 
posed to be made. Of this fault the author is fully aware. 
But, in order to avoid it, it would have been necessary either 
to omit a variety of useful illustrations, or to submit to such 
minute explanations and frequent repetitions, as would have 
rendered the work tedious, and therefore less suited to its 
intended purpose. 

In writing these pages, the author was more than once 
checked in her progress, by the apprehension that such an 
attempt might be considered by some, either as unsuited to 
the ordinary pursuits of her sex, or ill-justified by her own 
imperfect knowledge of the subject. But, on the one hand, 
she felt encouraged by the establishment of those public in- 
stitutions, open to both sexes, for the dissemination of philo- 
sophical knowledge, which clearly prove that the general 
opinion no longer excludes woman from an acquaintance 
with the elements of science ; and, on the other, she flattered 
herself, that whilst the impressions made upon her mind, by 
the wonders of Nature, studied in this new point of view, 
were still fresh and strong, she might, perhaps, succeed the 
better in communicating to others the sentiments she herself 
experienced. 

The reader will perceive, in perusing iMs work, that he is 
supposed to have previously acquired some slight knowledge 
of Natural Philosophy, a circumstance so desirable, that the 
author has, since the original publication of this work, been 
induced to offer to the public a small Tract, entitled "Con- 
vercRLtions ob Nataral Philosophy," in which the most es- 
sential rudiments of that science are familiarly explained. 

1* 
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ON ANTMALIZATION, NUT&tTIOlT, AND RESPIRATION. 30S 

Digestion... Solvent power of the Gastric Juice... Formation of 
Chyle. ..Its Assimilation, or Conversion into Blood... Of Respira- 
tion... Mechanical Process of Respiration... Chemical Process of 
Respiraton...Of the Circulation of the Blood... Of the Functions 
of toe' Afteries, the Veins, and the Heart.. .Of the Lungs.. .Ef- 
fects of Respiration on the Blood. 
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CONVERSATION XXVI. 

ON ANIMAL HEAT ; AND or VARIOUS ANIMAL FRODUCTS. 31 1 

Of the Analogy of Comblistion and Resoiration... Animal Heat e- 
volved in the Lungs... Animal Heat evolved in the Circulation... 
Heat produced by Fever..; Perspiration... Heat produced by Ex- 
ercise... Equal temperature of Animals at all Seasons. ..Power of 
the Animal Body to resist theEffects of Heat... Cold produced by 
Perspiration. ..Respiration of Fish and of Birds.. .Effects of [Respi- 
ration on Muscular Strength. ..Of several Animal Products, viz. 
Milk. Butter, and Cheese ; Spermaceti ; Ambergris ; Wax ; 
Lac ; Silk ; Musk; Civet ; Castor... Of the putrid Fermenta- 
tion... Conclusion. 
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CONVERSATION L 

ON THE GENERAL PRINCIPLES OF CHEMISTRY. 

Jtfr«. B. As you. have now acquired some el^mentaiy notions 
of Natural Philosopht, I am goings to propose to you another 
branch of science, to which 1 am particalarly anxious that you 
should devote a share of your attention. This is Chemistry, 
which is so closely connected with Natural Pbikaophy» that the 
study of the one must be incomplete without some knowledge of 
the other ; for, it is obvious that we can derive but a very imper- 
fect idea of bodies from the study of the general laws by which 
they are governed, if we remain totally ignorant of their intimate 
Rature. 

Caroline, To confess Ihe truth, Mrs. B., I am not disposed to 
form a very fevourable idea of chemistry, nor do I expect to derive 
much entertainment from it. I prefer the sciences which exhibit 
nature on a grand scale, to those that are confined to the minatise 
of petty details. Can the studies which we have lately pursued,, 
the general properties of matter, or the revolutions of ^e heaven- 
ly bmlies, be compared to the mixing up of a few insignificant 
drugs f I grant, however, there may be some e^tortaining ^3;peri- 
inents in Chemistry, and should not dislike to ^)f^ some of them:, 
the distilling of lavender, for instance, or rose w^er 

Jffn, B. I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the vei^kaited idea you enter- 
tain of its object, i ou confine the chemtsfVHtboratory to the nar^ 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no means confined to works of art.. 
I*9ature also has her laboratory, which is the universe, and there she 
is incessantly employed in chemical operations. You are surprised, 
Caroline ; but I assure you, that the most wonderful and the most' 



1. With what other study is tbatflHtiemistry closely connected f 

2. Why is the study of Natural ntlosophy incomplete wftbont-*^ 
that of chemistry? 

3. W hat does Mrs. B. CQBsider a chemical bboratory, in its mosl 
extended signification ? 

2 
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interealiDg^ pbenomeDa of nature, are almost all of tbein produced 
b^ cliemieal powers. What Bergmao, in the introduction to his 
history of chemistry, has said of this science, vill g^ive you a more 
just aod enlarged idea of it. The knowledge of nature may be 
divided, he obserres, into three periods. The first is that in which 
the attention of men is occupied in learning the external forms and 
characters of objects, and this is called Jfaiural History. In the 
second^ they consider the effect of bodies acting on each other by 
their mechanical power, as their weight and motion, and this con- 
stitutes the science of J^aiural Phuosophy. The third pepod is 
that in which tne properties and mutual action of the elementary 
parts of bodies are ioTCstigated'. This last is the science of Chem- 
istry, and 1 have no doubt you will soon agree with me m think- 
ing it the most interesting. 

Yon may easily conceive, therefore, (bat without entering into 
the minute details of practical chemistry, a woman may obtain 
snch a knowledge of the science as will not only throw an interest 
on the common occurrences of life, but will enlarge the spliereof 
her ideas, and render the contemplation of nature a source of de- 
lightful instruction. 

Caroline. If this is the case, I have certainly been much mista- 
ken in the notion I had formed of chemistry. 1 own that I thought 
it was chiefly confined to the knowledge and preparation of medi'- 
cines. 

Jlfr^ B. That is only a branch of Chemistry which is, caUed 
Pharmacy, and though the studv of it is, no doubt, of great imi* 
portance to the world at large, it belongs exclusively to profession- 
ail men, and is therefore the last that J. should advise you to pursue. 

Emily. But did not the chemists formerly employ themselves in 
search of the philosopher's stone, or the secret of making gold ?* 

*T)je Alchymists had in view three great objects of discovery, 
viz. 1st. The Eliarir of health; by the use of which the lives of 
men might be protracted to any desirable length, or their mortality 
prevented 2nd. The universal solvent^ or a liquid which should 
dissolve every other substance. This, it was supposed, would lead 
to the grand discovery. 3rd. The making of golds or finding the 
philosopher's stone. That men of sound an({ discriminating minds 
on other subjects, should have spent their whole lives in pursuits so 
•chimerical^ is to us wonderful indeed But our wouder ceases in 
some degree, when wag^ told that the doctrine of transmutation, 
&c. was founded odKlrkory^ which, in the 1 2th century, was 
considered as plausiflie, as we consider many of ours at the pres- 
ent day^ viz. That a perfect raetal consisted of (juicksilver aod sttl- 



4. To what author docs Mrs. B. allude, in her introductory re- 
marks? 

5. Into how many periods does Bergman divide the knowledge of 
nature .•* • 

6. What is the first ? 'JM 

7. What is the second ? ^ 

8. What is the thini ? 

9. What is that branch of chemistry called Pharmacy ? 
l5. ff^fiat threi great objects had the Alchymislsin view ? 



I 
OF CH&MISTaV'. 16 

Mri. B. Tfaefta were a |piini6ular set of (msguided phitasopliBfs, 
who dignified themsettes with the name of Alchjiiiiats, to distini^uAi 
their pursuits froFin those of the corotnon chemists, whose sttkdiei 
were coafined to the knowledge of mediciaes. 

But since that period, chemistry has undergpone so complete a 
rerottttioo, that, from an obscure and mysterious art, it is now be- 
come a regtthir and beautiful science, to which art is entirely sub- 
servient. It is true, however, that we are indebted to the alche- 
mists for many very usefjoU discoveries, which sprung frotai their 
fruitless attempts to make ^old, a,nd which, undoubtedly ^ haye pro- 
ved of infinitely greate/ad vantage to mankind than all theit cfaiiner- 
ical pursuits. 

The modem chemists, instead of directing their ambition to the 
vain attempt of producing any of the original substances in na- 
ture, rather aim at analyzing and imitating her operations, and 
have sometimes succeeded in ibrming combinations, or ejecting 
decomposilioBS, no instances of which occur in the chemistry of 
Nature. They have little reason to regret their inability to make 
gold, whilst, by their innumerable iuventions and discoveries, they 
have so greatly stimulated industry and facilitated labour, as pro- 
digiously to increase the luxuries as well as the necessaries of lire* 

Emily, But I do not understand by what means chemistry can 
£icilitate labour ; i& not that rather the province of the mechanic P 

JUri . B- There are many ways by which labour may be render- 
4k| mttvc ««isy, iMeoendontly of mechanics ; but mechanical inven- 
ticms themselves often dori^ their utility fif^m « ohemical princL^ 
pie. . Thus that most wonderful of all machines, the Steam -engioe, 
could never have been invented without the assistance of chemis- 
try. In agriculture, a chemical knowledge of the nature of soils, 
and of vegetation, is highly usefnl ; and, in those arts which re- 
late to the comforts and conveniences of life, it would be endless to 
eaumerafe the advantages which result from the study of this sci- 
ence. 

Caroline* But pray, tdl us more precisely in what manner the 
discoveries of chemists have proved so beneficial to society f 

phur ; these, when pure ^nd united, formed gold. That all other 
metals contained a quantity of dross, which prevented the parti- 
cles of these two substances from uniting. If, therefiyre, this dross 
could be |ot rid of in the oth^r metals, gold would be the result.— 
They believed also, that nature herself fayoured this operation.— 
Thus Friar Roger Bacon, in his Mirror of Alchymy, says, ** I must 
tell yon, that nature alwaies intendetb andstriueth to the perfec- 
tion of gold ; but many accidents oomroing between, change the 
mettalls," &c. See his Book printed in (597, chap. ii.—C. 



11 . Who were formerly called Atchymists ? 
12 Why did they assume this name f 



13. What is the object of modem chemistry ? . 

14. Can chemistry afford any assistance in manual labor ^ 
15 What are instances of it ? 

16. How' is chemistry serviceable in agricolture ? 

1 7. Whal opinion m «<tuf, in thenotey to hem prewUUd in thi Itlh 
eeulury in relaUon to metaU ? 
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Jtfrf. B* That would be an injndiciooi uiticipatuiii ; for you 
would not comprehend the nature of such ducoveries and usefai 
applications, as well as yoa wUl do hereafter. Without a dne re- 
l^rd to method, we cannot expect to make any prog^ress in chem- 
istry. I wish to direct your obserFations chiefly to the chemical 
operations of Nature : but those of art are certainly of too high 
importance to pass unnoticed. We shall therefora allow them afio 
some share of our attention. . 

Emily* Well, then, let us now set to work regularly. I am rery 
anxious, to b^n. 

Jtfrf. B. The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and of their mutual action on each oUi- 
«r. You find, therefore, Caroline, that this is no narrow or confin- 
ed science, which comprehends every thing material within our 
sphere. 

Caroline, On the contrary, it must be inexhaustible ; and lam 
at a loss to conceive how any proficiency can be made in a science 
whose olyects are so numerous. 

Jlfr«. B. If every individual substance were formed Of different 
materials, the study of chemistry would, indeed, be endless ; but 
you must observe that the various bodies in nature are composed 
of certain elementary principles, which are not very numerous. 

Caroline, Tes ; 1 know that all bodies are composed of fire, air, 
earth, and water ; I learnt that many years aeo. 

Mrs. B. But you must now endeavour to uuf^t it I bax^ o^l- 
read^ informed yon -vrlM^t-agQiej^ chanflT^ chemistry has undergone 
since it has become a regular science. Within these thirty years 
especially, it has experienced an entire revolution, and it is now 
proved that neither fire, air, earth, nor water, can be called ele- 
mentary bodies. For an elementary body is one that has never 
been decomposed, that is to say, separated into other substances ; 
and fire, air, earth, and water, are all of them susceptible of de- 
composition. 

EmUy. I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being decomposed, as well us any 
other. 

Jin* B. Tou have misconceived the idea of decomporitUm ; it 
is very difierent from mere dtvUion, The latter simply reduces a 
body into parts, but the former separates it into the various ingre- 
dients, or materials, of which it is composed. If we were to take a 
loaf of bread, and separate the several ingredients of which it is 
made, the flour, the yeast, the salt, and the water, it would be very 
different from cutting or crumbling the loaf into pieces. 

Emily. I understand you now very well. To decompose a body 

18. To what does Mrs. B. say it is necessary to pay regard in the 
study of chemistry ? 

19. Of what are the various bodies in nature composed? 

20. Of what was it formerly thought they were composed ? 

21. What is an elementary body? 

32. What is the dilforence between divisioa and decomposition ? 
23. What are instances of decomposition ? 
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is to sepftfate from 4mch other the various elemeotary sabstattces 
of which it consists. 

Caroline* But flour, water, and other materials of bread, accor- 
diflg^ to your definition, are not elementary substances. 

Mrt, B. No, my dear ; 1 mentioned bread rather as a £imi£ar 
comparison, to illustrate the idea, than as an example. 

The elementary substances of which a body is comfiosed are 
called the cofisift^tiettl parts of tUat body ; in decomposing' it, there- 
fore, we separate its constituent parts. If, on the contrary, we di- 
vide a body by chopping it to pieces, or even by grinding' or pound- 
ing it to fbe nAest powder, each of these small particles will still 
eonsast of a portion of the several eonstitutot parts of the whole 
body : these are called the irUegratU parts ; do you understand the 
difference? 

Emily. Yes« I think perfectly. We decompose a body into its 
CQnHiiuend parts ; and diioide it into \t9 irUegrant parts. 

Mrs. B. Exactly so. If therefore \ body consists of onfy one 
kind of substance, though it may be divided into its integrant 
parts, It is not possible to decompose it. Such bodies are therefore 
called nmpfe or elemmtiaryy as they are the elements of which all 
other bodies are composed. Compound bodies are such as consist 
of more than one of these elementary principles. 

CaroliiU. But do not fire, air, earth, and vfaCer, consist, each of 
them, but of one kind of substance ? 

Mrs, B. No, my dear : they are every one of them susceptible 
of being separated into various simple bodies. Instead of four^ 
-chemists now reckon no less than fifty seven elementary substances. 
The existence of most off these 19 established by theolearest ex- 
periments; but,- in regard to a fewof them, particularly the most 
subtle agpents of nature, heat, lights and electricity, there is yet 
<much uncertainhr, and I can only give yon the opinio^ ^hic*^ 
-seems most probably deduced from thelaiest discoveries. Afte^ 
have given you a list of the elementary bodies^ classed accordmg 
to their properties, we shall proceed to examine each\^ them sep- 
arately, and then consider them in their combinations with each 
other. 

Except the more general agents of nature, heat, light, and dec- 
tricit v« it would seem that the simple form of bodies is that of a 
metal.* 

Caroline. You astonish me ! I thought the metals were only one 

*No actual discovery makes this probable. It is supposing that 
all the gases, as oxygen, hydro^n, &c as well as phosphorus^ sul- 
phur, and carbon, and several other substances are in part compo- 
sed of a metal, and yet not one among this number are known to 
have metallic bases.— <];. 



24. What are the constituent parts of a body ? 

25. What are int«gran* parts of a body? 

26. How may compound bodies be defined? 

37. How many etementary substances are there? 

28. Concerning which three of them is there much uncertainty? 

29. How is it proposed to examine these elementary substan- 



ces ? 
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claBB of minenls, and that there were besides, earths, stones, 
rocks, acids', alkalies, rapoars, floids, and the whole of the animal 
and vegetable kiogdomB . 

•Sfr#. B. Tou have made a tolerably good enumeration, though I 
iear not arranged in the most scientific order. All these bo£es, 
however, it is now strongly believed, may be ultimately resolved 
into metallic substances.* Tour surprise at this circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of the whole phi- 
losophical world. 

But to return to the list of simple bodies — these being usually 
found in combination with oxyg^, I shall class them according to 
their properties when so combined. This will, I think, focilitate 
their future investigation. 

JSmt/y. Pray what is oxygen ? 

jars. B. A simple body ; at least one that is supposed to be so, 
as it has never been decotnpoaed. It is always found united with 
the negative electricity. It will be one of the first of the elemen- 
tary bodies, whose properties I shsdl explain to you, and, as you will 
sooD perceive, it is ooe of the most important in nature ; but it 
would be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and classifica* 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

Comprehending the imponderable agentti viz. 

HKAT OR CALO&IC, 

LIGHT, 

ELECTRICITY. 

CLASS II. 

Comprehending agents capable of uniting toith inflammable 
bodies, ana in most inttanceeof effecting their combustion* * 

OXTGEN. 

CHLORINE, 

lODINE.f 



''^Three of the alkalies only are known to have metallic bases- 

f A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any fiirther than they contain oxygen.— C. 



30. With what are simple bodies usually found in combination f 

31. With what are they alf^ays found united ? 

32. Which of the elementary substances are included in the first 
dass? 

33. What ones does the second class include ? 

34. WhaJt number (fthe alkalies are knofwn to hone metallic bases ? 
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CLASS 111. 

Comprehending bodies capable of uniting with oxygent'and 
forming wi^ it various compounds. This class may he di- 
vided as follows : 

DIYISIOif !• 

HTDBoOKiv, forming water. 

DIVISION 2. 

Bodies forming acids, 
NITROOKN, . , . /omufi^ nitric acid. 
suLPHVK, .... forming sulphuric acid. 
PHOSPHORUS, • . ybrmia^ phosphoric acid* 
CARBON, .... forming carbonic acid. 
BORAciuM, . . . yarmt^ boracic acid. 
iiiUORiuH, . • . forming fluoric acid. 
MURiATiuitf,. . . forming muriatic acid. 

« 

DITISIOIf 3. 

Metallic bodies forming alkalies, 
l>oTAS8iuM, . . . yeirmifi^ potash. 

soDivM, jorming soda. 

AMMOKiUBji) • • • forming ammonia. 
LITHIUM^ . • . . ybrmifi^ lithina.''' 

OlYISION 4. 

Metallic bodies forming earths. 
CALCIUM, or metal/orming lime. 
MAONiuM, • • . . /ormin^ magnesia. 
BARIUM, ..... forming barytes. 
STRONTIUM, • • . forming strontites. 

siLiciUM, forming silex. 

ALUMiUM, .... forming alumine. 
TTTRjuM, .... forming yttria. 
OLUCiuM, . . . • /orming glttoina. 
ZIRCONIUM, . . . Jorming zirconia-f 
THORiNUM, . . • . forming thorina.^ 



-^Thisfoorth alkali was discovered by Mr. ArJfundson, a Swedish 
chemist, so recently as the year 1818. 

fOf a& these earths, three or four only have as yet been distinct- 
ly deconposed. 

IThotina^ a new earth discovered by Berzelius in 1816, in a min- 
eral composed of fluoric acid and cerium. 



35. What one makes the first division of the third class ? 

36. What ones make the second division of the third class ? 

37. What ones make the third division of the third class ? 

38. What ones make the fourth division of the third class ? 



\ 
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DIVISTOH 5. \ 

Metals, either naturally metalliCt or yielding their oxygen to 

carbon or to heat alone, \ 

Subdivision 1. . \ 

\ 
Malleable Metals. \ 

GOLD, COPPBB,' 

PLATINA, IRON, 

PALLADIUMi, LEAD, 

SILVER,! |fICK£L, 
MERCURYil 2WC» > 

TIN, CADMXUM.^ \ 



Subdiv, 2. 



Brittle Metals. 

ARSENIC, ANTIMONY, 

BISMUTH, MANGANESE, 

8SLENIUM,|| URANIUM, , 

TELLURIUM, COLUMBIUM OI^ADTALr- 
COBALT, UM, 

TUNGSTEN, IRIDIUM, 

MOLrBDEKUM, OSMIUM, 

TITANIUM, RHODIUM, ^ 

CfiROME, CERIUMH \ 



f These first foar metals haf e commonly been distinglisbed by 
the appellation of perjfecl or noble metals, on account oflieir pos< 
sessin^ the characteristic properties of ductilitj^, roalleabitty, inal- 
terability, and great specific gravity, io an eminent degr0. 

\ Mercury, in its liquid state, caonot, of course, be calld a mal- 
leable metal. But when frozen, it possesses a considerab i degree 
of malleability. 

$ A metal resembling tin ; which was disooirered in 187, in an 
ore of zinc, by Mr. Stfomeyer. 

II Selenium was discovered a few years affo by Berzeliik, in the 
ferruginous pyrites of Fahlua« in Sweden, it has the metilic lus- 
tre, but it does not cooduct electricity, and is but a bad c()[iductor 
of caloric. It passes to the state of OKyde and acid, so thatt might 
perhaps more strictly be classed with sulphur. It may Yh distin- 
guished by the smell of its vapour, which is that of horse ra«$b, 

IT These last four or fi?e metallic bodies are placed unler this 
class for the sake of arracgenient, though some o£ their priporties 
liave not been yet fully inrestigated. 



39. What ones make the first part of the fifth divisioti in the 
third class ? 

40. W hat ones make the seoojeid part of the fiHh dinsioH in the 
second class i 

41. Why have gold, plaiina, paUadiumf %M sUver been calUil 
perfect or noble metals? 
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CtiroUne, Oh, what a formidable list ! jott will hzve mxulh to do 
to explain it, Mrs. B. ; for I assure you it is perfectly unintelli^ble 
to me, aud 1 think rather perplexes than assists me. 

JUrs, B, Do not let that alarm you, my dear ; I hope that here* 
after this classification will appear quite clear, and, so far from 
perplexing yoa, will assist ^ou in arranging your ideas. It would 
be in vain to attempt forming a division that would appear perfect- 
ly clear to a beginner ; for you may easily conceive that a chemi* 
cal division being necessanly founded on properties with which 
you are almost wholly unacquainted, it is impossible that you should 
at once be able to understand its meaning or appreciate its utility. 

But, before we proceed further, it will be necessary to give you 
some idea of chemical attraction, a power on i^hich the whole 
science depends. 

Chemical ^UrcLction, or the Attraction of Composition, consists 
in the peculiar tendency which bodies of a different nature have to 
unite with each other. It is by this force that all the compositions^ 
and decompositions are effectcMi. 

Emily, What is the difference between chemical attraction, and 
the attraction of cohesion, o^r of aggregfation ,which you often men- 
tioned to usj in former conversations ? 

Vrs, Bp The attraction of cohesion exists only between parti- 
cles of the tame nature, whether simple or compound; thus it 
unites the particles of a piece of metal which is a simple substance, 
and likewise the particlee of a loaf of bread which is a compound. 
The attraction of composition, on tbe' contrary unites and main- 
tains, in a state of combination, particles of a disaimilar nature ; 
it is this power that forms each of the compound particles of which 
bread consists ; and it is by the attraction of cohesion that all these 
particles are connected into a single ma^s. 

Emify, The attraction of cohesion, then, is the power which 
unites the integrant particles of a body ; the attraction of compo- 
sition that which combines the constituent particles. Is it not so ? 

Jtfr«. B. Precisely : and observe that the attraction of cohesion 
unites particles of a similar nature, without changing their original 
properties ; the result of such an union, therefore, is a body of the 
same kind as the particles of which it is formed; whilst the attrac- 
tion of composition, by combining particles of a dissimilar nature, 
produces compound bodies, quite different from any of their con- 
stituents. If, for instance, I pour on the piece of copper, contain- 
ed' in this glass, some of this liquid (which is called nitric acid,) for 
which it has a strong attraction, every particle of the copper will 
combine with a particle of acid, and together they will form a new 
body, totally different from either the copper or tne acid. 



43. Why do the divisions in chemical science appear unmeaning 
to the young student f 

43. What is chemical attraction or the attraction of composi- 
tion. 

44. What is the difference between chemical attraction and the 
attraction of cohesion ? 

45. What is the experiment mentioned as illnstrating'ohemical 
attraction f 

46. What will be tbe result if copper sad nitric acid are put to- 
gether f 
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Do yoa oha/ove the internal conniiotiaii tbat'already begins to 
take place f It w produced by the combination of these tiro sub- 
slances,* and yet the acid has in this case to overcome not pnlj the 
resistance which the strong cohesion of the particles of copper op- 
poses to their combination with it, bntalso to OFercome the weigot 
of the copper, which makes it smk to the bottom of the ^^lass, and 
preyents the acid from having such free access to it as it would if 
the roetal were suspended in the liquid. 

Endly. The acid seems,, however, to overcome both these ob- 
stacles without difficulty, and appears to be very rapidly dissolviiig 
the copper. 

. Jl/r<. B. By this means it reduces the copper into more, minute 
parts than could possibly be done by any mechanical power. But 
as the acid can act only on the surface of the metal, it wilt be some 
time before the union of these two bodies will be completed. 

You may, however, already see how Ixitally different this com- 
pound is from either of its ingredients. It is neither colouiiess, 
like the acid, uor hard, heavy, and yellow like th^ copper. If you 
tasted it, you would no longer perceive the sourness of the acid. 
Itbasat present the appearance of a blue liquid ; but when .the 
union is completed, ana the water with which the acid is diluted is 
evaporated^ the compound will assume the form of ref^ular crystals 
of a fine blue colour, and perfectly transparent, f Of these lean 
show you a specimen, as I nave prepared some for that purpo^. 

Caroline* How beautiful they are, in colour, form, and transpa- 
rency ! 

Emily. Nothing can be more striking than this example of chem- 
ical attraction. 

Mrs, B. The term attraction has been lately introduced into 
chemistry as a substitute for the word affinity^ to which some chem- 
ists have objected because it originated in the vague notion that 
chemical combinations depended upon a certain resemblance, 
or relationship, between particles that are disposed to unite ; and 

*This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper ; and in consequence of this loss 
of oxygen, the nitric acid is converted inionitious gas. It is the 
escape of this gas through the water as it is formed that occasions 
the commotion.— C. 

t These crystals are more easily obtained from a mixture of 
sulphuric with a little nitric acid 4 

X These crystals are sulphate of copper^ or what is commonly 
known under the name off^tue vitrioL^C, 



47. What has the acid in this experiment to overcome ? 

48 On what part of a metal can the acid operate in this experi- 
ment ? 

49- What is the appearance of the compound substance thus for- 
med of copper and nitric acid ? 

50* In the place of what term hat chemical attraction been sub- 
stituted ? 

51. Whaiis said in ths note to ftrodueeihe commotion wJien cop- 
per and nitric acid are put together ? 

53. What was the objectum to Ike tarm niBDity ? 



this idea is aot only tm^eifeet, bat erroneons, as it is generallj 
particles of the most dissimilar nature, that have the greatest ten- 
d^icy to coffibiDe. 

CofolvM. Besides there seems to be no adrantage in using a ra- 
lietjr of terms to express the same meanings ; on the contrary, It 
creates conftision ; and as we are well acqnaioted With the term At» 
traction in natural philosophy, we hid better adopt it in chemistry 
likewise. 

Mrt, B. If you ha^e a clear idea of ^he meaning, I shall leare 
you at liberty to express it in the terms ynu 'prefer. For myself,' 
I confess that I think the word Attraction best suited to the gen- 
eral law that unites the integrant particles of bodies; and Affinity 
better a^Uipted to that which combines the constitnent particles as 
it may convey an idea of the preference which some oodies have 
for others, which the term aUraction of composition does not so'well 
express. 

£m%« So I think ; for though that preference may not result 
firom any relationship, or similitude, between the particles fasyoit 
say was once supposed,] yet as it really exists, it ought to oe ex- 
pressed. 

Mrs. B, Well, let it be agreed that ycu may use the terms djfflnU 
fy, chemieal aUrtiction, and attraction of composition, indifferently, 
provided you recollect that they have altthe same meaning. 

Emily. 1 do not conceive how bodbs can be decomposed by 
chemical attraction. That this power shoildbe the means of com- 
posing them is very obvious : but that it ihould at the same time, 
produce exactly the contrary effect, appear, to me very singular. 
- J^frs. B, To decompose a body is, you kmw, to separate its con- 
stituent parts, which, as we have just observe, cannot be done by^ 
mechanical means. 

Emily No : because mechanical means separate only the inte- 
grant particles ; they act merely against the atk*action of cohesion, 
and only divide a compound into smaller parts. 

JIr». B. The decomposition of a body is perfcvmedby chemical 
powers. If you present to a body composed of \i^o principles, a 
third, which has a greater affinity for one of flem than the two 
first have for each other, it will be decomposed, that is, its two prin- 
ciples will be separated by means of the third body. Let u» call 
two ingredieots, of which the body is composed, A. and 6. If we 
present to it another ingredient C, wb^ch has a greater affinity for 
B than that which unites A and 6, it necessarily folloirs that Bwill 
quit A to combine with C. The new ingredient, therefore, has ef- 
fected a decomposition of the original body A B ; A has been left 
alone, and a new compound B C, has been formed. 

Emily, We might, I think, use the comparison of tto friends, 

'who were very happy in each other's society, till a third disunited 

them by the preference which one of them gave to the new comer. 



53. Why does Mrs. B. prefer the term affinity ? 

54. By wUht means cannot decomposition be effected P ; 

55. How can a compound body be decomposed ? 

56. What illustration i« given of the manner of decomposing a 
^dy ? 



/ 

/ 
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Jin. B. Vety veil. I shall noir nhow joahtaw tbis takes i^ace 
10 chemistry. 

Let as suppose that we wish to decompose thecompouod we have 
just formed by the combinatioii of the two in|^redient8, copper and 
oitric acid ; we may do this by presenting to it a piece of iron, for 
which the acid has a stronger sttraction uian for copper ; (he acid 
will, consequently, quit the copper to combine with the iron, and 
the copper yiU be what the cbenists call precipitatedy that is to 
say, it will be thrown down in its lepurate state, and re-appear in 
its simple form. 

In order to produce this effect, I shall dip the blade of this kniie 
into the fluid, and, when I take it out, you will obser?e that instead 
of being wetted with a bluish liquid, like that contained in the glass, i 
it will be fcovered with a thin coat of copper. • 

Caroline. So it is really ! but then is it not the copper, instead 
of the acid, that has combinid with the iron blade? 

Mrs, B. No ; you are deceived by appearances : it is the acid 
which combines with the 1*od. and in so doing, deposites or precip- 
itates the copper on the sar6tce oi the blade. 

Emily. But cannot three or more substances combine together, 
without any of them being frecipitatedi* 

Mrs. B That is sometimes the case ; hut, in general the strong, 
er affinity destroys the f eaker ; and it seldom happens that the 
attraction of several substances for each other is so equally balan- 
ced its to produce such omplicated compounds.^ 

^Caroline, But, pray, Airs. B. what is the cause of the chemical 
attraction of bodies for/ftach other ? It appears tome more ejctra- 
ordinary or unnatural, /f I may use the expression, than the attrac-'* 
tion of cohesion, whiclr unites particles of a similar nature. 

Mrs, B. ChemicalAttraction may, like that of cohesion or gravi- 
tation, be one of the powers inherent in matter, which, incur 
present state of knowledge, admits of no other satisfactory expla- 
nation than an imn^diate reference to a divine cause. Sir H. Da- 
vy, however, whose important discovenes have opened such im- 
proved views in diemistry, has suggested an hypothesis which may 

* Such compounds are q^uite numerous. They are called triple 
salts. Alam is one. It is com posed of alumine, potash and sul- 
phuric acid, tartar Emetic is another. It is composed of tartaric 
acid, potash a«d antimony.— C. 



57. How can the substance formed of copper and nitric acid be 
decomposed. 

58. Why will decomposition take place on the application of « 
iron ? 

59. What is precipitation ? 

60. If it is the acid which Combines with the iron, why is the 
iron covered with a thin coat of copper in this experiment f 

61. Do more than two simple substances ever unite in forming 
the same compound ? * 

62. VkcU are such compmmds called ? 

63. Wkat are instances of them ? 

64. What is one of the powers in addition to those mentioned by 
philosopbers which may be considered as inherent in bodies ? 



i 
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throw gfreftt Ilffbt upon that science. He sixpposes tbat there are 
two kiods of electricity, with one or other or which all bodies are 
UDitc^d. These we distiogalsh by the names of palnUve and nega^ 
£ioe electricity; those bodies are disposed to combine, which pos- 
sess opposite electricities, as they are brought together by the at* 
traction which t^ese electricities have for each other. But, wheth- 
er (his hypothesis be altogether founded on truth or not, it is im- 
possible to question the great influence of electricity in chemical 
combinations. 

Emily* So, that we must suppose that the two electricities al- 
ways attract each other, and thus compel the bodies in which (b^ 
exist to combine?* 9 

Caroline* And may not this be also the cause of the attraction 
of Cohesion ? 

JUr*. B. No, for in particles of the same nature the same elec- 
tricities must prevail, and it is only tlie different or opposite elec-- 
tric fluids that attract each other. 

Carohne. These electricities seem to me to be a kind of chemi- 
cal spirit, which animates the particles of bodies, and draws them 
together. 

Emily. If it is known, then, with which of the electricities bod- 
ies are united, it can be inferred which will, and which will not, 
combine together? 

Mrs. B. Certainly.— -I should not omit to mention, that some 
doubts have been entertained, whether electricity be really a ma- 
terial agent, or whether it might not be a power mherent in bodies, 
similar to, or perhaps identical with,, attraction. 

*There seems to be an objection to this theory as explained here. 
When two bodies, one in the positive, the other in the negative 
state of electricity are prej^nted to each other, a mutual attraction 
takes place, until they touch, or come within the striking distance, 
so that the electric fluid can pass from the positive to the negative 
body. When this is effected, they are said to be in a state of equi^ 
librium, or in the same state of electricity, and consequently nei- 
ther attract nor repel each other. If therefore, chemical attrac- 
tion depends on the different electrical states of the particles, we 
a re still at a loss bow to account for their adhesion even after they 
are united. The celebrated Kepler acflounted for the affinity of 
particles by supposing each to have its likings and its antipathic^ 
and the power, of choosing accordingly. This theory only wants 
our belief to make it satisfactory. — G. 

■ ' — .-jr»^ .1111 I J I II « m ^i^— —«>-»— ^ I I ■ I . I « I I I. 

65. How many kinds of electricity are there, and what are they 
palled ^ 

66. What does Mrs. B. tbiok has a great influence in effecting 
chemical combinations ? 

67 WImU it said of eleetriaity in the nsU ? ' 

68. What dif^cuHy ^irises if we suppose chemical attractioii to 
depend upon the diff*ereDt electrical states of the particles? 

69. How Aies Kepler account for the affinity of particles ?' 

70. What opuhts does Mrs. B. mention ss having been «iitei*- 
tained concerning electricity ? 



26 ' . LtGBT. 

Emiiy. Bat whftt th«i #onld be tb« electric spark wbicb is ri9^^, 
ibie, aDd« must therefore be really material ? 

Jlfr«. B* What we call the electric spark, ma?, &\t H. Davy 
'^^^yfi, be merely the beat and lig^bt, or fire prodaced by the chemi- 
cal combioatioDs with which these phenomena are always cooneet- 
ed. We will not^ however, enter more fully on this important 
subject at present, but reserre the principal facts which relate to 
it to a future conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies aj^inst our next inter- 
gpv. <■ 



CONVERSATION H. 

ON LIGHT AND HEAT, OR CALORIC. 

Caroline, We have learned by heart the names of all the simple 
bodies Which you have enumerated, and we are now reader to enter 
on the examination of each of them successitely. Too will begin, 

I suppose, with LIGHT ? 

Mnl B. Respecting the nature of light' we hare little more than 
conjectures. It is considered bv most philosophers as a real sub- 
stance immediately emanating from the sun, and from all lominooa 
bodies, from which it is projected in rigbt lines with prodigious ve* 
locity. Light, however, being imponderable, it cannot be confined 
and examined by itself; and therefore it is to the effects it produ- 
ces on other bodies, rather than to its immediate nature, that we 
must direct our attention. 

The connexion between light and heat is rery obvious ; indeed » 
it is such, that it is extremely difficult to examine the one inde- 
pendently of the other. 

Emily But, is it possible to separate light from beat? I thought 
they were only different demes of the same thing, fire. 
* Mr*. B, I told you that^re was not now considered as a simple 
element. Whether light and. heat be altogether different agents, or 
.not, I cannot pretend to decide; but, in matij cases, light may be 
senarated from heat. The first discovery of this was made by a 
eeiebrated Swedish chemist, Scheele. Another yery striking illus- 
tration of the separation of heat and light was long after point- 
ed out by Dr. Herachell. This philosopher discovered that these 
two agents were emitted in the rays of the sun, and that Leat ws^ 

. a I ..■■■■■■ ■ ■■»■ ■«■ ■ ■ I ■ — i « ^.1. ^1 ^t^ ■■, I I ■ ■ ^ ■ I M ^ I ■ ■ ■ ■»*-.i» , - 

71. If electricity is a f>ower inherent in bodies, what would the 
electric spark brwhich is visible, and therefore, must be really 
material? 

7t. What do most philosophers coosider light? 

73. With what is light obviously connected? • - 

74. Can li^bt and beat be separated ? 

75. Who first ^scovered that they are not inseparably cen*' 
nected ? 



LIGHT. 87 

less refrangible than ligbt; for, id seaaratiag' the deferent cobiir- 
ed ravft of light by a prism (as we did some time a^^,) he foiuid 
that the greatest heat was beyond the spectrum, at a httle distance 
from the red rays, which, you may recollect, are the least refrangi- 
ble, 

Emily. I should like to try that experiment. 
- Mrs. B, It is by no means an easr one : the heat of a ray of 
Itghtr refracted by a prism, is so small, that it requires a very del- 
icate thermometer to distinguish the difference of the degree of 
heat within and without the spectrum. For in this experiment 
the beat is not totally separated from the light, each coloured ray 
retaining a certain portion of it, though the greatest part is not 
sufficiently refracted to fall within^he spectrum. 

Emily, I suppose, then, that those coloured rays which are the 
least refrannble, retain the greatest quantity of heat ? 

Mrs, B, They do so. 

Eimly. Thoogh I no longer doubt that light and heat can be 
separated, Dr. Herscbell's experiment does not appear to me to 
afford sufficient proof that they are essentially different ; for light, 
which you call a simple body, may likewise be divided into the ra- 
riotts coloured rays. ^ 

Mrs. B. P4o doubt there must be some difference in the various 
coloured rays. Even theii^ chemical powers are different. The 
hlue rays, for instance, have the greatest effect in separating oxy- 
gen from bodies, as was found by Scheele; and there exists also, as 
Dt, WoUastoD has shown, rays more refrangible than the blue, 
which produce the same chemical effect, and, what is very remark- 
able,' are invisible.'*' 

EnfUy. Doyou think it possible that heat may be merely a mod- 
ificaoonof U^t^ 

Mrs, B. That ia a sapposition which, in the present state of nat- 
ural philosophy, can neitner be positively affirmed nor denied. 
Let us« therefore, instead of discussing theoretical points, be con- 
tented with examining what is known respecting the chemical 
effects of light. 

Light is capable of entering into a kind of transitovv union with 
certain substances, and this is what has been called phosphores- 
cence. Bodies that are possessed of tlUB property, after being ex- 
posed to the sun^ rays, appear luminals in the dark. The shells 
offish, the bones of land animals, mai*bie, limestone, and a variety 
ofcombinations of earths, are more- or less powerfully phospho- 
rescent. * 



* The violet rays have the power of- imparting the magneiic vir- 



76. How can they be separated? ^ 

77. Which of the coloured rays refracted by 'a prism, retain the 
greatest quantity of heat ? 

78. What effect have the blue rays on bodies ? 

79. What power have Uie violet rays us mentioned in the note ? 

80. /it what does the process consist ? 

81. Is light Capable of a union with other substances ? 
83. What is this union called? 

83, With what substances does Uiis osiim mostly take place, in 
the production of phosphorescence ? 



I . 



^ LIGHT/ 

Carokne. I r^memlMr bdnf much surprised last sunmier with 
ilie phosphoreicent appearance of some pieces of rotten wood, 
which had just been ong out of the ground; they shone so bright 
that I at first supposed them to be glow-worms. * 

Emily, And is not the light of a glow-worm of a phosphorescent 
nature: 

Mn. B* It is a rery remarkable instance of phosphorescence in 
liring animals; this property, howerer, is not exclusiTehr posses- 
sed bj the gbw-worm. The insect called the lanthom-fly, which 
is peculiar to warm climates, emits light as it flies, producing in the 
dark a remarkably sparkling appearance. But it is more common 
to<see animal matter in a dead state possessed of a phosphorescent 
quality ; sea -fish is often eminently so.* 

Efmy. I am rather surprised, Mrs. B , that you should have said 
so much of the light emitted b^ phosphorescent bodies, without 
taking any notice of that which is produced b^ burning bodies. 

JIfrf. B. The li|^t emitted by the latter is so intimately connect- 
ed with the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of the most interesting in chemical science 

EmUv, I have heard that the sea has sometimes had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surfiice. 

JUrt. B. This light is probably owing to that or some other ani- 
mal matter. Sea water has been observed to become Imiiinous 
iVom the substance of a fresh herring having been immersed in it; 
anfid certain insects, of the Medusa kind, are loiown to produce 
similar efiects. 

But the strongest phosphoresreooe is produced by chemical 
compositions preparad ftnr the purpose, the luust ^omwuaA ot which 
consists of oyster-shells and sulphur, and is known by the name of 
Canton's Pm>sphorus.f 

toe to steel. The process consists in intercepting all the rays ex- 
cept this, and of throwing this, being first collected into a focfUs by 
a lens, on the middle of a needle, and carrying it towards the ex- 
tremity. This is to* be done many times, and always towards the 
same extremity. After a wlale the needle acquires polarity. — C. 

* The phospboresoence ofrlead animals is owing to the escape 
of phospnorus in the form of phoiphoreiUd hydrogen* This is set 
free from its combination witn^the substance of ^e animal by the 
putrefactive fermentation. — C! 

f To prepare this, mix 3 parts of oyster shells calcined for an 
hour and pulverized with 1 part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 



84- What remarkable instances of phosphorescence in living 
animals are mentioned f 

d5. 7b what it ike pkotphofucenc^ of dead animaU owing? 

66. HtnoiiitJreedfiomiUeombiniHonwUhth^tubsku^ 
anknal^ 

87. What is the strongest phosphorescence, or how is it produ•^ 
ced? 

88. JBbwUtMMnAHmieeprepand^ 
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Light 18 an agent capable of prodncing various chemical chan- 
ges. It is essential to the welfare both of the animal and Tegela- 
ble kingdoms ; for men and plants grow pale and sickly if deprived 
of its salutary influence. It is likewise remarkable for its property 
of destroying colour, which renders it of great consequence in the 
process of bleaching. 

Emily, Is it not singular that light, which in studying optics we 
were taught to consider a^.the source and origin of colours, should 
have also the power of destroying them? 

Ckiroline. It is a foot, however, which we every day experience ; 
yon know how it fades the colours of linens and silks. 

Emily. Certainly. And I recollect that endive is made to grow 
white instead of green, by being covered up so as to exclude the 
light. But by what means does light produce these effects ? 

Jtrs, B, This I cannot attempt to explain to you until yon have 
obtained a further knowledge of chemistry. As the chemical pro- 
perties of light can be accounted for only in their reference to 
compound b^tes, it would be useless to detain you z.uj longer on 
this subject ; we may therefore pass on to the examination of heat, 
or caloric, with which we are somewhat better acquainted. 

Heat and Ltght may be always distinguished by the different 
sensations they produce. Light effects the sense of sight ; Caloric 
that of feeling ; the one produces ViaUm, the other the sensation 
ofJiisat. 

Caloric is found to exist in a variety of forms or modifications, 
and 1 think it will be best to consider it under the two following 
heads, viz. 

1. FR££ OR RADIANT CALORIC. 

2. COMBINED CALORIC. 

The first, free or radiant caloric, is also called heat of 
TEMPERATURE ; it Comprehends all heat which is perceptible to 
the senses, and affects the thermometer. 

Enaly. Von mean such as the heat of the sun, of fire, of can- 
dles, of stoves ; in short, of eveiy thing that bums ? 

Jlfrr. B- And likewise of things, that do not burn, as, for instance, 
the warmth of the body ; in a word, all heat that is smiible, what- 
ever may be its degree, or the source from which it is derived. 

Caroline* What then are the other modifications of caloric' It 



exposing some of this to the sun's rs^s, it absorbs light, and will 
shine in the dark. This shows that light can be separated from 
heat.— C 



89. What doet this experiment prove? 

90. To what is light essential, and what remarkable property 
has it ? 

91. What do optics teach us to consider th^ source and origin 
ofcolonrs? 

9S. How may light and heat always be distinguished ' 
93. Under what two heads is caloric cqpsiderod i 
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niiut be a strange kind of fieat that cannot be perceired by oar 
senses. 

Jtfrf. B. None of the modifications of caloric should properly be 
called heat; for beai, strictly speaking, is the sensation produced 
by caloric, on animated bodies ; this word, therefore, in the accu- 
rate language of science, should be confined to express the sensa- 
tion. But custom has adapted it likewise, to inanimate matter, 
and we say the hetU of an oven, the heat ^ the tun, without any re- 
ference to the sensation which they are capable of excitin?. 

It was in order to avoid the confusion, which arose from thus 
confounding the cause and effect, that modern chemists adopted 
the new word caloric^ to denote the princiftle which produces heat ; 
yet they do not alfrays, in compliance with their own language, 
limit the word heiU to the expression of the sensation, sinceihey 
still frequently employ it in reference to the other modifications of 
caloric which are quite independent of sensation.* 

Caroline But you have not yet explained to us what these other 
modifications of caloric are. 

Jtfirs. B» Because you are not acquainted with the properties o 
free caloric, and you know that we have agreed to proceed with 
regularity. 

One ,of the most remarkable properties of free caloric is its 
power of dilaimg bodies. This fluid is so extremely subtle, that it 
enters and pervs^es all bodies whatever, forces itself between their 
particles, and not only separates them, but frequently drives them 
asunder to a considerable distance from each other. It is thus that 
caloric dilates or expands a body so as to make it occupy a greater 
space than it did before. 

Emily. The effect it has on bodies, therefore, is directly contra-* 
ry to that of the attraction of cohesion; the one draws tihe parti' 
cles together, the other drives them asunder. 
. Jiirs. B* Precisely. There is a continual struggle between the 
attraction of ag^gregation, and the expansive power of caloric ; 
and from the action of these two opposite forces, result all the va- 
rious forms of matter, or degrees of consistence, from the solid to 
the Hquid and aeriform state. And accordingly we find thai most 
bodies are capable of passing from one of these forms to the other, 

* If I touch a body at a higher temperature than ntf hand, I im- 
mediately receive a quantity of caloric from it, and at the same 
instant reel the sensatiop cfdled heat. The caloric then is the 
cause of this sensation, and heat the effect of caloric passing into 
my hand. — C. 

94. What is free or radiant caloric i 

95. Whatisheat, strictly speaking? 

96. What is the difference between caloric and heat, as the terms 
are us^ by chemists.^ 

97. What illuttrcUionofthiiii given in the note? 

98. What is one of the most remarkable properties of free ca- 
loric? 

99. What two forces are in direct opposition to each other? 

100. From what result all the various forms of matter^ or de- 
gree of consistence in bodies ? 



FR£E CIUUORIC. 31 

merely in oooseqnence of their recehring different quantities of 
caloric. 

Caroline* That is very curious ; but I think I underslaBd the 
reasoQ of it. If a great quantity of caloric ie added to a solid body^' 
<it introduces itself between the particles in such a manner as to 
overcome, in a considerable decree, the attraction of cohesion ; 
and the body, from a solid, is then converted into a fluid. . 

Mrs, B. This is the case whenever a body is fused or melted ; 
but if you add caloric to a liquid, can you teU me what is the con- 
sequence ? 

Caroline, The caloric forces itself in greater abundance be- 
tween the particles of the fluid, and drives them to such a distance 
from (Bach other, that their attraction of aggregation is whoUy des- 
troyed : the liquid is then transformed into vapour. 

Mrs, B. Ver^ well ; and this is precisely the case with boiling 
wafer, when it is converted into steam, or vapour, and with all bod- 
ies that assume an aeriform state. 

Emily ' I do pot well understand the word aeriform. 

Jlfr«. B. Any elastic fluid whatever ; whether it be merely va- 
pour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, and aeriform* ad- 
mit of different degrees of density, or consistence, still arising 
(chiefly at least) from the different quantities of caloric the bodies 
contain. Solids are of various degprees of density, from tha of 
gold, to that of a thin jelly. Liquids, from the consistence of melt- 
ed glue, or melted metals, to that of ether, which is the lightest of 
all liquids'. The different elastic fluids (with which you. are not 
yet acquainted) are susceptible of no less variety in tneir degrees 
.of density. 

Emily. But does not ever^ individual body also admit of differ- 
ent degrees of consistence, without changing its state? 

Mrs, B. Undoubtiedly ; and this I can immediately show you hy 
a very simple experiment. This piece of iron now exactly fits the 
frame, or ring, made to receive it ; but if heated red hot, it will no 
longer do so, for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it will be much toe large 
for the frame. . 

The iron is now red hot ; by applying it to the frame, we shall 
see how much it is dilated. 

Emily. ( onsiderably so indeed ! I knew that heat had this effect 

on bodies, but did not imagine that it could be made so conspicuous. 

. * 

101. What causes bodies to pass from one of these forms to the 
other? 

102. How would you explain the manner in which a solid is con- 
rerted into a liquid ? 

103. If we add caloric to a liquid, what is the consequence.^ 

104. What is meant by the word aeriform ? 

105. From what do the different degrees of density or consis- 
tence arise? 

106. Which is the lightest of all liquids ? 

107. Are the elastic fluids susceptible of various degrees of den- 
sity? 

106. Do bodies admit of different degrees of consistence without 
changing their state ? 
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Mr9. B. By means ofthii instrament (called ta Pyrometer) we 
may estimate, io the most exact manner, the rarioas dilatations of 
any solid body by beat Tbe body we are now foing^ to snbmit to 
trial is this small iron bar ; 1 fix it to this apfnratus, and then 

Fig. 1. Pyrometer. 




A A, Bar of McUL 1 '.* 3, I*aini» barninf. B B, WhMl work. C, Index. 

beat it by lig^hting^ the three lamps beneath it: when the bar ex- 
pands, it increases in length as well as thickness ; and, as one end 
communicates with this wheel-work, whilst the other end is ^^eA 
and immoreable, no sooner does it be^m to dilate than it presses 
against the wheel-work, and sets in motion the index, which points 
out the degrees of dilatation on the dial- plate. 

Emily, This is, indeed, a very curious instrument ; but I do not 
understand the use of the wheels ; would it not be more simple, 
and answer tho purpose equally well, if the bar in dilating, pressed 
agamst the index, and put it in motion without the intervention of 
the wheels .' 

Mrs, B. The use of the wheels is merely to multiply the motion, 
and therefore render the effect of the caloric more obvious ; for if 
the index moved no more than the bar increased in length, its mo- 
tion would scarcely be perceptible ; but by means of the wheels 
it moyes in a much greater proportion, which therefore renders the 
variations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, it is 
found that they are far from dilating in the same proportion. Dif- 
ferent metals expand in different degrees, and other kinds of solid 
bodies varv still more in this respect. But this different suscepti- 
bility of cfilatation is still more remarkable in fluids than in solid 
bodies as I shall show you. 1 have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one with 
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>. What experiment proves that they do.' 
I. What is the use of the Pyrometer r 



111. How would you explain figure I .' 

1 12. What is the use of wheels in this instrument? 

113. Does caloric expand all bodies in the same degree.' 

] 14. Which are most susceptible of dilatation, fluids or solids i 
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Fig. 2. 




s|nrit of wiae, the other with water. I bare coloured- both Ifquids, 
in order that the effect may be more conspicooas. The spirit of 
wine^ f on see, dilates by the warmth of my hand asl hold the bnlb.* 
Emiiy» It certainly does, for I see it is rising into the tube. Bat 
water it seems, is not so easily affected by heat ; for scarcely any 
change is produced on it b^ the warmth of the hand. 

•Afr«. B, True : we shall now plun^ 
the bulbs into hot water, aDd ysu will 
see both liquids rise in the tubes ; Vut the 
spirit of wine will ascend highest. 

Caroline, How rapidly it expands ! 
Now it has nearly reached the tube, 
though the water has hardly begin to 
rise. 

Emily. The water now begins to di- 
late. Are not these glass tubes, wJthli- 
qaids rising within them, Tery like iber- 
mometers ? 

Mrs, B. A thermometer is consttuct- 
ed exactly on the same principle, ^nd 
these tubes require only a scale to 8a-~ 
swer the purpose of thermometers : bat 
they would be rather awkward iii their . 
dimensions. The tubes and bulbs of 
thermometers, though of various sizes, 
are in general much smaller than these ; 
the tube too is hermeticallyf closed, and 
the air excluded from it. The fluid 
most generally wed ta-tl!iensQip**«r«, iu 
mercufy, commonly called qmcksilTerv 
A A. Oha bdiis. ^«. oiMitt of the dilatations and contractions of which 
water i. wbiefa tiKj «• imm^n^ correspond morc exactly to the additions 
and subtractions of caloric, than those of any other fluid. 

CaroHne. Yet I hare often seen coloured spirit of wine used in 
thermometers. 

Mrs, B, The expansions and contractions of that liquid are not ' 
quite so uniform as those of mercury ; but in cases in which it is 

* In the absence of glass tubes terminated by bulbs, procure a 
pair of tin cannisters,3 inches high and two wide, soldered up all 
round. In the middle of the top of each, have inserted a circular 
tin spout, and into these cement gla^ tubes about twelve inches 
hi^h. These will answer every purpose.— C 

t The tube is closed by holding the end over a spirit lamp until 
the glass is melted. This word is derived from Hermes the Greek , 
name for mercury. He is said to have been the inyenter of chem- 
istry ; hence this is sometimes called the Hermetic aHt and hermet- 
icafly, or chemically closed, is closed by heat or melting.— C. 




1 15. What is the object of figure 2 ? 

116. What fluid is generally used in thermometers ' 

117. Hbwdothe expansions and contractions of the spirits of 
wipe compare with those of mercury ? 
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not requisite to ascertain the temperatnre with mat preciaioDf 
spirit of wine will answer the purpose eauaily well, and indeed in 
some respects better, as the expansion or the latter is g^reater, and 
therefore more conspicuous. This fluid is used likewise in sitna- 
tions and experiments in which mercury would be frozen ; for 
mercuiy becomes a solid body, like a piece of lead or any other 
metal, tt a certain deg^ree of cold ; but no degree of cold has erer 
been fmown to freeze spirit of wine.* 

A thermometer, therefore, consists of a tube with a bulb, such as 
you see here, containing a fluid whose degrees of dilatation aod 
* contnction are indicated by a scale to which the tube is fixed. — 

The degree which indicates the boihn^ point, simply means that 
when the fluid is sufficiently dilajted to nse to this point, the heat is 
such tiat water exposed to the same temperature will boil. When 
on the other band, the fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperatnre. 
The extreme points of the scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
diflercnt countries philosophers have chosen to adopt diffiBrent 
scales and divisions. The two thermometers most used are those 
of Fahrenheit, and of Reaumur ; the first is generally preferred by 
the English, the latter by the French. 

Emily. The variety of scale must be very inconvenient, and 
I should think liable to occasion confusion, when French and Eng- 
lish experiments are compared. 
;/ Mrs, B. The ioconveoieoce is but very trifling, because the dif- 

ferent gradations of the scales do not afiect the principle u|)OB 
which thermometers are constructed. When we know, for in- 
. staniMrth^t Fahrenheit's scal^ divjd^dLinto 212 degrees,in which 
^83^ corresponds with the freezmg point, and^i^o ^\f^ dk* point of 
\ boilingr water ; and that Itmumur's is divided only into 80 oegraes, 

in which 0° denotes the freezing point, and 80<* that of boiling 
water, it is easy to compare the two scales together, and reduce 
the one into the other. But, for greater convenience, thermome- 
ters are sometimes constructed with both these scales; one on 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantlj seen. Here is one of 
these scales, (Fig. 3. see next page.) by which you can at once per- 
ceive that each degree of Reaumur^ corresponds to 2 1-4 of Fah- 
renheit's division. But I believe the Frencn have, of late, given 
the preference to what they call the centigrade scale, in whidi the 
space between the freezing and theboiUng point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret.— C. 



When is spirit of wine used f 

118. How would you describe a thermometer? 

1 19. What two thermometers are mostly used ? 

120. How are they graduated ? 

121. What is the temperatnre of boiling water ? 

122. To what scale have the French been said to have prefer- 
ence? 
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CanHai. Tbat leenu to me 
tb« tnoit reaconabje diTiiioii, 
and I caoool guew why the 
freeziDK point is called 32°, or 
what aHraDtase je deriTed froin 
it 

Mrt. B. There really is do 
adTantBge to it ; and it origina- 
ted in a niiBtakeo opinion rf the 
nutrnmeDt-iniker, Fahrenheit, 
who first coDBtrncled theae Iher- 
EDometers. He mixed mow and 
Mlt tc^lber. and produced by 
that meaoB a degree of cold 
frhichbeconclDded was thereat- 
Wl possible, and therefore made 
bw scale begin from I hat point 
Between that and boiling- water 
be n^ade 312 degrees, and the 
rreezing point \tu foond to be 
lt3S=. 

Emily. Arespiritofwine,atid 
nercury, the only liquids used 
n the construction of tbermoin- 

JSn. B. Ibeliere thejarethe 
)nly liquids now in use, thong* 
lomeoihers, such at linsted oil, 
proDid mabe tolerable Ihennome- 
»™ : bnt for eiperimenis Id 
rhicb a »ery quick and delicate 
•itofthe chapg^s of tempera- 
oro is required, air ii Ibe fluid 
omedmei employed. The bulb 
if air thermometers is filled with 
nmnioD air only, and its eipan- 
ioD and contraction areindica- 
ed by a small drop of any col- 
ured liquor, which is suspended 
ritbin the tube, and mores ap 
,Bd down, according-, as the 
ir wjIbiD the bulb and tnhe 
xpends or eontracis. But in 
[eoerat, air thermometers, b dw- 
Ter sensible to changes of tern- 
eraturi, are by no means accD- 
■'- in their indications. 



1 can, however, show yon an air Ibermometer of a very peculiar 
opmtroGtioo, which is remarkably well adapted for some chemical 

1S3. Why WH the freetiiig point in Fahrenheit's thermoiactet- 
fixed at 31 degrees i 
IM. Hovareair QwrmemeterscMittructed.' 
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ezperimeiits, iM itiseqwattydeliealte and aecoratd io tU tadkmr 

^'fL'^* Caroline* It looks like adouble thertaom- 

lHjrerentiaTherfnomier,ettr re¥ened, the tube being. boot, and ha? - 

®^«^ ing a larg^e bulb at each of its extremities. 
(jsj Emilp. Why do you call itaoairther- 
\^^ mometer ; the tabe cootaios a coloured li- 
quid I 

Mrt. B. But observe that the bulbs are 
filled with air, the liquid beings coufined to 
a portion of the tube, and ausweriu^ ooly 
the purpose of showing^, by its iuotioo in the 
tube, the comparatiFe dilatation or contrac- 
tion of the air within the bulbs, which afford 
an indication of their relative tempera- 
ture. Thus if you heat the bulb A. by the 
warmth of your hand, the fluid will rise 
towardsthe DulbB. and the contrary will 
happen if you reverse the experiment. 

But if, on the contrary, both tubes are of 

the same temperature, as is the case now, 

the coloured liquid, suflering^ an equal pres- 

\ T^ sure on each side, no change of level takes 

1 1 place. 

LL Caroline. This instrument appears, in- 

j^ ^^ deed, uncommon! v delicate. The fluid is 

gf_j_. ^^ set in motion by tne mere approach of my 

hand. 
Mr». B, Tou must observe, however, that this thermometer can- 
not indicate the temperature of any particular body, or of the 
medium in which it is immersed ; it serves only to point out the dif- 
ference of temperature between the two bqlbs, when placed under 
different circumstances. For this reason it has been called differ- 
eniial thermometer. Tou will see hereafter to what particular 
purposes this instrumelit applies. 

Emily. But do common thermometers indicate the exact quan- 
tity of of caloric contained either in the atmosphere, or in any bo- 
dy with which they are in contact ?f 

* Students in chemistry may amuse themselves with air ther- 
mometers of their own construction. Procure a flat vial or ink- 
stand with a wide mouth ; also, a>bfoken thermometer' tube, the 
bulb being entire. Fit a cork air tight to the vial, aud pierce it 
in the middle with a hot iron to admit the tube. Fill the viat about 
half full of some coloured liquid. Warm the bulb of the tube by 
holding it in the hand, and in this state introduce the small end 
through the cork nearly to the bottom of-the vial. The band be- 
ing removed from the bulb, the fluid will rise in the tube. The flu- 
id will afterwards rise or fall as heat is applied to the vial or bulb. 
— C. 

f The thermometer indicates the exact quantity of free caloric. 

135. What M said of air Ikermometers in the note ? 

126. Which figure represents an air thermometer ? 

127. Why has the air thermometer been called the differential 
thermometer ? 



JUn^lS. Ntf t fint, beofttise thero^&re other moififi<^oii8 of ca« 
loTic which do not affect the thermometer ; and, secondiy, because 
the temperature of a hodjr, as indicated by the Uiermometer, is 
only relative. When, for instance, the thermometer remains sta- 
tionary at the freezing point, we know that the atmosphere, (or 
inedinm in whkh it is placed, whatferer it may be) is as cold as 
freezing water ; and when it stands at the boiling point, we know 
that this medium is as hot as boiling water ; bnt we do not know 
the positive quantity of heat contained either in freezing or boiling 
water, any more than we know the real extremes of heat and cM ; 
^nd consequently we, cannot deter mme that of the body in wMdr 
the thermometer is placed. - 

Caroline, I do not quite understand this explanation? 

Jitrt, B. Let us compare a thermometer to a well, in which the 
water rises to different heights^ according as it is more or less sup* 
plied by the spring which feeds it ; if»tbe depth of the well is nu- 
fathomable, it must be impossible to know the absolute quantity Of 
water it contains ; yet we can with the greatest acenracy measure 
the number of feet the water has risen or fallen in the well at any 
-time, and consequently know the precise quantity of its increase* 
Or diminution, without having the least knowledge of the whole 
Quantity of water it contains.* 

Caroline. 14 ow I comprehend it very well; nofhing appears to 
me to explain a thing so clearly as a comparison. 

Emily. But will thermometers bear any degree of heat? 

Jlfrs. B. No; for if the temperature were nraoh above the high- 
est degree marked on the scale of the thermometer, the mercui|r- 
would burst the tube in an attempt to ascend. And at any rate, 
*no thermometer can be applied to temperatures hirter than the 
boiling point of the liquid used in its construction, for the steam, 
on the liquid beginning to boil, would burst the tube, fn fuma> 
'<:e8, or whenever any very high temperature is to be measured, a 

l)resent at thtf time and place of the experiment; Thus if la cer- 
tain quantity of heat is required to raise the mercury 20**, double 
this quantity will raise it to 40^. All bodies contain a quantity of 
heat not appreciable by the thermometer, or sensible to the touch. 
This i#6ailed^xed or latent heat. This can sometimes be set free;, 
as when we hammer a piece of cold iron it becomes hot. Thus' 
the latent caloric is squeezed out of the iron by the contraction of 
Its pores under the hammer, and it then becomes/ne^ caloric. —C. 
*This passagre may be exrponoded as follows. The unfathoma* 
Ijle depth of the well signifies the absolute quantity of cabric, 
'and which the thermometer does not measure ; because all bodies 



1 28. Do common thermometers indicate the exact quantity of 
-q^oric contained either in the atmosphere, or in any body, with 
'ifhich they come in contact ^ 

129. Why do they not ? 

iSD. What comparison is made between a well and a thermom- 
eter? 

131. Why might not thermometers be applied to temperatares 
higher than the boiling point of the liquid used in their constmc-^ 

li<m? 

4 



aft ttBtcjkUMt. , 

jMmttliir, JttviaM by W^dfrndi* u used fbr tbat fiiiVpoie. tt 
li wad* pf a cerUiD compMitHW of baked claj, w<hieb has Che p«b- 
OoliaK property of contracting by heat, so that (he degree oCcoe* 
tviotiaii Of this anhsUnoe indicates the tempemtnre to wbioh it has 
hMpi exooMd. 

EmUyTBit IS it possihle fore body to contract by heal? I thoogbt 
thafc heat dilated all bodies whateTer. 

Jktt B. Thia is not an eiLception to the role. Too must reool- 
leat that tbe.hnlk of the clay is not compared, whilst hot, with tbttt 
which it has when cold ; but it is from the cban|fe which the clav 
has und»g^oe by hamng been heated, that the indication of this 
instrument are derived. This chaoffe consists in a beginning id- 
don, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or spong^y .* 

Clay is to be considered as a spon^ body, abounding m iator- 
stioe&or pores, from its baring contained water when soft. These 
intefstices are by heat lessened, and would by extreme heai be ea- 
tiffely obliterated. 

CnroHne, And bow do you ascertain the degrees of cootvactifm 
(if Wf!dgwood*8 pyrometer ? 

Mr%' B* Tbe dimensions of the piece of clay arc measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
'Boler ; the more the clay is contracted by the beat, tbe further it 
will descend into the narrow part of the tube. 

Before we quit tbe subject of expansion, I must observe to y(M], 
thit, as liquids expand more readily than solids, so elastic fluids, 
whether air or vapour, are the most expansible of all bodies. 

It majr appear extraordinary, that all elastic fluids whatever, un- 
dergo tlie same degree of expansion from equal augmentation of 
temperature. 

Emily. I suppose, then, that all elastic fluids are of tbe same 
density- ^ 

Mr». B. Very far from it ; they vary in density, more than ei- 
ther liquids or solids. Tbe uoifiormity of their expansibility, which 
at first may appear singular, is, however, readily accounted fiac. 
For if (be different susceptibilities of expansion of bodies arise 
from their various degrees of attraction of cohesion, no such dif- 

■ •». 

however cold, still contain caloric Thus mercury freeaes at 4Qo 
below zero, but still contains caloric, and so on. Tbe rising and 
falling of the water signifies the greater or less quantity of free ca- 
loric as indicated by the tbernaometer.—rC. 

* According to the calculations of Saussure, the temperatore 
fteoessary to melt this day is I575o Wedgwood, which is a degr^ 
of heat greatly beyond our common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures Hy the loss ^ 
of moisture. —C. V 



132. Do all bodies however cold coniain caloric ? 

133. In what manner is it that clajF appears to contract by heal ? 

134. What bodies are most expansible ? 

136. Are all elastic fluids equally expianded from equal augmen- 
tations of temperature ? 
136. Are all elastic fluids of the same density ? 



f^ffloce can \fe ekpacted inelastic itiids, since fai theve tfce aMilHtw 
tioQ of cohesion does not exists their particles being on tfaeGonthi^ 
iM>8scssed of an elastic or tepnlslre povrer; they will therefore aU 
be equally expanded by equal decrees of cakrio. 

Emily, Trne; as there is no js^rer opposed totbeeixpaMve 
force or caloric in elastic bodies, its effect mast be the saine in til 
of them. 

Jfrs. B. Let ns now proceed to examine the other propertieitif 
fr6e caloric. 

Free caloric always tends to diffuse itself equally ; that is to«%^ 
Tfhen two bodies are of different temperatures, the wanner gradui* 
ally parts with its heat to the colder, till they are both broo^ to 
the same temperature. Thus, when a thermometer is applied to a 
hot body, it receives caloric ; when to a cold one, it eommvnioates 
part of its own caloric, and (his communication continees eotil Hife 
thermometer and the bodv arrive at the same temperateve. 

Emily. Cold, then, is nothing but a negative qealfty, dimply ntf- 
plying the absence of heat. 

Jl/ry. J^. Not the totsd absence, hot a dimSniitioln of heat ; fbr W^ 
Xcnow of DO body in which some caloric may not be disoovefM. 

Oaroline* But when I lay tny hand on this marble tablie, f feel 
it ponHvely cold, and cannot conceive that tbei^is any cklerteiti 
it 

JUrt, b: The cold y<m «x|yerietfce consists in the 1m» ^ calertc 
that your hand sustains in an attempt to bring its temfpetttttt^ 16 
^nequtHbrinm witb the marbtle. If you lay a piece of ice apdll it, 
yloa will find that a Contrary effect will take place ; the ice Will be 
^nelted by the heat it abstracts from the marble. 

Caroline. Is it i^ot in this case the air of the room, wMk lueiiig 
warmer than tbe marble, mells the ice ? 

Jlfr«. B, The air certainly acts on the sur&ce whieb Is dJtpu aei t 
fjo it, but the table melts tbat part with which it is in contact. 

Caroline. J|pt wby does caloric tend to an equflibriQib f It eikn- 
not be OD the same principle as other fiuids, since it has no Weifchlf 

Mrs. B. Very true, Caroline, that is an excellent ^objection. 
You might also, with some propriety, object to tbe term ^ijUdlSbH- 
Urn ^Mf^ applied to a body that is witboot weight; hikX 1 kn\d# it 
DO ejHFession that would explain my taieanidg so well. Yxia mtttt 
oonsMer it, however, in a figurative rather than a litetH sensie: its 
stri<it meaning is an equal diffueion. We cannot, indeed, wdl say 
by what power it diffuses itself equallv, though it is not surprising 
that it should go from the patts which have the moelt te these which 
iiave the least. The subject is best explained by a tbeory sogg^ 
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137. How then can their uniformity of expuuibiUty be ttCteooMit* 
edfor.' 

138. How does caloric tend, to diffuse itself? 
139* How is this illnstrated by a tbermometei' > 

140. tniati^Cotd? 

141. Do we know of any sub^taioce ih whibh soniiB calMic mav 
iwi be found? ' 

142. Why do some bodies feel cold if we lay unt h^i. iipen tbeift^ 

143. What 'objecttoi^ ii tbeM to tt)^ term e^ttifibfiaA. wtai 
$»mng of the etiSi^ aifiiysioii of i^dnc i 



4P PBLtB CltOtLtt, 

M by PralSttdr Prero&t of Genera, which is mor, I beliesce, g^? 
endiy adopted* 

Aocordidgf to this theory, caloric is composed of particles per*- 
iie^tW separate <h»n each other, every one of which moves iriOi a 
mJHd Telocity in a certain direclioo. These directions Vary as much 
ai imagination canconceiTe, tfie resalt of which is, that there are 
rays or lines of these particles morine with immense velocity in 
^y^ry possible direction. Caloric is tnus universally diffused, st^ 
tbat when any portion of space happens to be in the neighbourhood 
or another, which contains more caloric, the colder p>ortion re* 
cfeives a qaantity of calorific rays from the latter, sufScient to re« 
store an e<}Qilibrinm of temperatare. This radiation does not onlv 
tsike place m free space, but extends also to bodies of every kiiid.^ 
Thus yon may suppose all bodies whatever, constantly radiating ca- 
loric; those that are of the same temperature give out and amorb 
e^nal quantities, so that no variation of temoerature is produced in 
them ; but when one body contains more free caloric than anoth* 
ef , the exchange is always in favour of the colder body, until an 
equilibrium is ejected; this vou found to be the case when this 
marble table cooled your hand, and again when it melted the ice. 

Capoline* This reciprocal radiation surprises me extremely ; I 
thought, from what jou first said, that the hotter bodies aJone 
emitted rays of calonc which were absorbed by the colder ; for it' 
seems unnatural that a hot body should receive any caloric from & 
c6ld one, even though it should return a great quantity. 

Mn, B, It may at first appear so, but it is no more extraordma- 
j^ than that a candle should send forth rays of light to the suif, 
which, you know, must necessarily happen. 

Caroline Well, Mrs. B.— ^ 1 believe that I must g^ye rm the 

Soint But I wish I could see these rays of caloric ; I should then 
ave greater faith ia them. 

tMrs. B, Will you give no credit to any sense but that of sisht f 
iTou may feel the ra^s of caloric which you receiv^^om any body 
of a temperature higher than your own ; the lose^ the caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more than you lose, instead of suffering a diminution, you 
are really making an ac(]piisition of caloric. It is, tbcrer<u|| only 
when you are parting with it to a body of a lower tem^Kturc, 
that you are sensible of the sensation of cold, because you Ihel sus- 
tain an absolute loss of caloric. 

■■„ ■■ . • I. . » 

'*'This is true when applied to inanimate maUer. Bat if a live an- 
imal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
100 degrees above that of the animal, it scarcely affects its temper- 
ature.— C. 



144. What is professor Prevost*s theory of caloric? 

145. What remark respecting live animals is made in the note 7 
146 Do all bodies constantly radiate caloric ? 

147. If one body contain more free caloric than another, what is 
the consequence r 

148. Does a hot body receive caloric from a cold one? 

149. How does Mrs. B. answer the objection to the reciprocal 
radiation of caloric between bodies of different temperature ? 

150b What occasions the sentation of cqld ? 
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tlmiti/. And in \hk tsse trk tixknmi hh sensible 6/ Che smali 
t^nandty of beat we receit^e in exchang-e from the colder body/W 
cause it serves only to diminish the loss. 

jHfn, B. Vety v^ell, indeed, Emily. Professor Pictet, of Gmift-' 
ra, has made some very interesting expehtnents^ which prove not 
only that caloric radiates from all bodies whatever, but that these 
rays may be refected, according to the laws of optics, in the same 
manner as ligtit. 1 shall repeat these experiments before you, hav- 
ing procured mirrors* fit for the purpose ; and it will afford us an 
opportunity of using the differential thermometer, which is partic- 
ularly well adapted for these experiinents.— I place an iron bullet;, 

Fig, 5. 
Jtfr. PiekeCa Jipparatusjbr the Refieeiion of Heat 




A A. and BB, ConetiT* Mirront 6jicd on itaodx. C, HMt«d BalleCjpUMd in tkt foon of C|« 
MirMr A, I>« ThermoiiMter, with its bnlb placed is tlw foeiw of the Aiiror B. 133 4, rtf* ^f 
Calorie radkti^ A-oia tin BvHet, and fiiUia|r on the Mirror A. 6 6 7 8, the Mime njB rdlected 
Ttom the Mirror A to Ow Mirror B. 9 10 1 1 12, dte mum myi refected by the Mirror B to th« 
Thonnoiiieter. 

about two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the focUs of this lorge metallic concave 
mirror. The rays of beat which fall on this mirror are reflected, 
agfreeabiy to the property Y>f concave ratrron, in a parallel direc- 
tioD, ^^s to fall on a similar mirror, wbtofa) you see, is placed dp- 
posite^V the first, at the distance of about ten feet ; thence the 
rays converge to the focus of the second mirror, in which I pla6e 
one q£ tiie bulbs of this tberoumieter. Now, obMrre in what man- 
ner if is aflected by the caloric which is reflected on it from the 
heated bullet. — ^The air is dilated in tbe bulb which w^ placed iM 
the focus of tbe mirror, and the liquor rises considerably in die op- 
posite 1^. 

^Mirrors made of commen tinted iron shew this ei^ieriiDent 
very weU. They may be 10 or 12 inches in diameter, and about 2 
mAoB deep, luey nost be planished with a hammer having m 
convex fooe, and aikerwards pdished with a pieoA of buckskin, waA 

a Iktle whiting.-*C. 

1 _ 

I6t. WiiBtda Professor Pict»rs «xfftHiieiits oil aJMc piwe ? 
1«L WbntKllieobieistvfigmira? • . 

153. How would yoa explain the experiment represenM fn ttol 
iigare? 
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Umly* Bat would not the same efsct take ptaoe^tf the rajt of 
caloric from the heated bullet fell directly oa the thermometer, 
without the assistance of the mirrors ? 

Mr8> B. The effect would in that case be so trifling, at the dis- 
tance at which the bullet and the thermometer are from each oth- 
er, that it would be almost imperceptible. The mirrors, you 
knot7, greatlj increase the effect, b^r collecting a large quantity of 
rays into a focus ; place your hand in the focus of the mirror, and 
yon i^ill find it much hotter there than when you remove it nearer 
to the bullet. 

Emily* That is very true ; it appears extremely singular to feel 
the heat diminish in approaching the body from which it proceeds. 

Caroline* And the mirror which produces so much heat, by con- 
verging the ravs, is itself quite cold. 

J^rs, B* The same number of rays that are dispersed over the 
surface of the mirror are collected by it into the focus ; but if you 
consider how large a surface the mirror presents to the rays, and, 
consequently, how much tbey are diffused in comparison to what 
they are at the focus, which is little more than a point, I think jou 
can no longer wonder that the focus should be so much hotter tiian 
the mirror. 

The principal use of the mirror in this experiment is, 'to prove 
that the calorific emanation is reflected in the same manner as 
light. 

Caroline. And the result, I think, is very conclusive. 

Mys. B. The experiment may be repeated with a wax taper in- 
stead of (he bullet, witlf a view of separating the light from the 
caloric. For this purpose a transparent plate of glass must be in- 
terposed ^etween the mirrors ; for light, you know, passes with 
great facilitv through glass, whilst the transmission of caloric is 
almost wholly impeded by it. We shall find, however, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
soon as the glass is removed, and free passage left to the caloric, it 
will rise considerably higher. ' , . 

Emily. This experiment, as well as ihat of Dr. Hejschell's, 
proves that light and heat may be separated : foran the iflber ex- 
periment the separation was not pertect, any more than iuthat of 
Mr. Pictet. 

Caroline. 1 should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see wheth- 
er cold would not he reflected as well as heat. 

Mrs, B, That experiment was proposed to Mr, Pictet by an in- 
credulous philosopher like yourself, and he immediately tried it bv 
substituting a piece of ice in the place of the heated bullet. 

Caroline, Well, Mrs. B., and what was the result ? 



154. Why do mirrors increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed before 
the fire ? 

156. What is the use of the mirror in the experiment ? 

157. What substance almost wholly impedes the transmission oT 
caJonc f 

158. What does this prove? 

159.. What philosopher supposed that cold might be reflected ? 
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Mrs*B. Thtt we shaU tee ; 1 litre prdoared sane ice for the 
)>urpoM* 
. Mmily* Tbe tbermometer falls considerablr ! 

CaroHne, And does not that prove that cold is not merely a nez- 
athe quality, implying simply an inferior decree of heat ? The 
cold must be potUive^ since it is capable of reflection. 

Jfifrj. B. So it at first appeared to Mr. Pictet; but upon a litUe 
consideration be found that it afforded only an additional proof of 
the reflection of heat ; this I shall endeavour to explain to you. 

According to Mr. Prevosl's theory, we suppose that all bodies 
whatever radiate caloric ; the thennometefi used in these exper- 
iments, therefore, emits calorific rays in the same mannerjas any 
other substance. When its temperature is in equilibrium ivith*that 
of the surrounding bodies, it receives as much caloric as it parts 
with, and no chanspe of temperature is produced. But when we 
introduce a body of a lower temperature, such as a piece of ice, 
^which parts with less caloric than it receives, the consequence is, 
that its temperature is raised, whilst that of the surroundings bodies 
is proportionally lowered. 

ilmily* if, for instance, I was to bring a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
from the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in retam for what is 
absorbed, the room would necessarily be cooled by it. 

Jdrs. B. Just so ; and as in consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice aud the 
thermometer, than between these and an/ of the surrounding bod^ 
ies, tbe temperature of tbe thermometer must be more lowered than 
that of any other adjacent object. 

Caroline I confess 1 do not perfeotly understand your explana- 
tion. 

Mn, B. 1 his experiment is exactly similar to that made with 
the heated bullet : lor, if we consider the tbermometer as the hot 
body (which it certainly is in Comparison to the ice,) you may then 
eaauy understand that it is by the loss of the calorific rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed froHiit, that the fall of the mercury is occasioned : for the ice, 
far from emitting rays of cold, sends forth rays of caloric, which 
diminish the loss sustained by the thermometer. 

Let us say, for instance, that the radiation of the thermometer 
towards the ice is equal to 10, and that of the ice towards the 
thermometer to 20: the exchange in favour of tbe ice is as 20 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gains 
10. 

Caroline, But if the ice actuallv sends rays of csdoric to the 
thermometer, must not the latter fall still lower when the ice is re- 
moved ? 
Mrs, B. No ; for the space which the ice occupies, admits rays 

160. What did his experiment prove ? 

IGl. What is probable respecting the use of the thermometer in 
this experiment, according to Mr. Prev«st*S theory ^ 

162. What similarity is there between this experiment and that 
x>f the heated bullet ? 

163. Since the ice sends rays of caloric to the thermometer, will 
not the thermometer &U if the ice is removed ? 
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of the same temperature as the thermometer, will not affect- it, be- 
cause as much beat bow relQim to the thermomdter as radiate* fiom 
it. 

' CaroltM. 1 mast confess that tou hare explained thit in so satis- 
factory a manner, that I cannot help being oonrinced now that cold 
has no real claim to the rank of a positive betng^. 

Mr». B. Before I conclude the subject of radiation, I mnst ob- 
serve to you, that different bodies (or rather surfaces) possess the 
power of radiating^ caloric in rery diferent deg^rees. 

Some curious experimienu have been mule by Mr. Leslie on 
this subject, and it was for this purpose that he invented the diiler- 
ential thermometer; with its assistance he ascertained thatl^k 
surfaces radiate most, glass next, and polished surAxses the least of 
all. 

EmUy. Supposing these' surfiices, of course, to be all of the salne 
temperature. 

Jurt. B> Undoubtedly. I will now show yon the very ingen- 
ious apparatus, by means of which he made these experiments. 
This cubical tin vessel, or canister, has each of its sides externhlly 
covered with different materials ; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of 

flass, and in the fourth the polished tin surfilce remains uncover^. 
7e shall fill this vess^ with hot water, so that there can be no 
donbt but that all its sides will be of the same temperature. Now 
let us place it in the focus of one of the mirrors, making each of 
its sides front it in succession. We diall begin with the black snr- 
ftce.* 

Coro/ine. It makes the thermometer which is in the focus of the 
other mirror rise considerably. — ^Let us turn the paper surface 
towards the mirror. The thermometer falls a little, therefore of 
course this side cannot emit or radiate so much caloric as theblack- 
ened side. 

£m%. This is very surprising; for the sides are exactly of the 
same size, and must be of tlie same temperature. But let us fry 
the glass surfoce. 

Jirg, B. The thermometer continues falling, and with Atos plain 
surface it falls still lower ; these tiro surfaces therefore radiate less 
and less. 

OdrolwM. I think I have found out the reason of this. 

Mrs. B. I should be very happy to hear it, for it has not ytt Qo 
my knowledge) been aooonnted for. 

^Theradiatiog power of different surfoces may be shown tlitrs. 
*Take a common haU pint tin cup, scour one side bright, and paint 
ot smoke the other blaek. Place this in the focus of the namr, 
and die thermometer will rise or fall as its sides are changed.*»C. 



164. Why wiU it not ? 

165. Do all surfoces radiate caloric in equal d^gprees f 

166. What surfoces radiate most caloric, and what ones least ? 

167. What ttlustntion is given of the Afferent radiations of dif- 
forent sur&ces ? * 

168. BamigiiguaBdinthefude,fhailheraiia»»§p9iDerefi^^ 
fenA nrfaceimay b$ shown? 



* FUSE GjlLOSlC. 45 

(^to^nB- Tlievaterwitbia the vessel rrado^ cool^, tM tibe. 
ibermometer in cooseqoeDce grsidaallj fiuls. 

Jltn, B. It is true that the water cools, bat certaml;jr in tnnch leisr 
proportioD than the thermometer descends, as yon will perceire if 
you now change the tin surface for the blacl^one. 

CaroHne. 1 was mistaken, certainly, for the thermometer rises^ 
9gViia now that the hlack surface fronts the mirron 

Jtfri. B» And yet the water in the vessel is still cooling, Car0- 
Une. 

Emily* I am surprised that the tin surface should radiate the 
least caloric, for a metallic vessel filled with hot water, a silver 
tea-pot for instance, feels much hotter to the band than one of black 
esu*tuenware. 

Jlfr#. B, That is owing to the liferent power which various bo^ 
dies possess tot conducting caloric, a property which we shall pre" 
seotly examine. Thus, although a metallic vessel feels warm to 
Ibe hand, a vessel of this kind is known to preserve the heal of tb^ 
n<)uid within, better than one of any other materials ; it is for thi^ 
reason that silver tea-pots make better tea than those of earthep 
vfare. 

Emily. According to these experiments, light-coloured dresses^ 
i(i cold weather, should keep us wa^rmer than black clothes, since 
the latter radiate so much more than the former. * 

JIfrc. B, And that is actually the case. 

Emily. This property, of difierentsurfaces to radiate in different 
degrees, Appears to me to be at variance with the equilibrium pf 
caloric ; since it would implv that those bodies which radiate most, 
must ultimately become coldest. 

Suppose that we were to vary this experiment, by using tw6 
metallic vesselsfuU of boiling water, the one blackened, the other 
not; would not the black one cool the first f 

Caroline. True ; but when they were both brought down to 
the temperature of the room, the interchange of caloric between 
the canisters and the other bodies of the room being then eqtial, 
tbeir temperatares would remain the same. 

Emily. I do not see why that should be the case ; for if different 
surfaces of the same temperature radiate in different degrees when 
heated, why should they not continue to do so when cooled down 
to the temperature of the room ? 

Mr». B. You have started a difficulty, Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion ; so that under equal temperatures, bodies compensate for the 

169. Why will a silver tea-pot or anv metallic vessel filled with 
hot water, ieel much hotter to the hand thaft one of black earthen 
ware? 

170. Why will a silver tea-pot make better tea than an earthen 
obe? 

171. Why is a light coloured dress warmer than a black one in 
winter ? 

172. And why a light cokmred one cokler than a black in tbe 
summer ? 

J 73. What difficulty is mentioned respectiog the above t}ieoi7 of 
ih6 radiation of caloric ? 



jnfealer 1q«b tibey siistaui in oomeqvaoce of their i^roatAr rattfettiou 
9y their greater absorption : ao that if you were to make your ex- 
ferimeot in an atmosphere heated like the canisters, to the tern* 
peratuie of boiling water, thoi^h it is trne that the canisters woalU 
radiate in different degrees, noohanffe of temperature would* bt$ 
produced in them, because they woulo each absorb caloric in pro^ 
portion to their respective radiation. 

Emilij, But would not the canisters of boiling water also absorb 
qaloric in different degrees in a room of the common temperature ? 

Jtf><. B. Undonbt^ly they would. But the various bodies in 
<he room would not, at a lower temperature, furnish either of the 
(Anistera with a sufficiency of caloric to compensate for the k>«£ 
they undergo; for, suppose a black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 200; yet if the 
former radiate aOO, ivhilst the latter radiates only 400, the blaok 
oanister will be the first cooled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving ont 4O0 
rays, and the metallic one !200, no change of temperature will tak^ 
place. . 

Erfnly, I now understand it extremely w^. Bat what becomes 
0f the surplus of calorific rays, which good radiators emit, and bsMl 
radiators receive f they must wander about in search of a resting- 
place! 

•Afrt. B, They really do so ; for tbev are rejected and sent back, 
<K*> in other words, reflected by the homes which are bad radiators 
of caloric ; and they are thus transmitted to otb6r bodies which 
happen to lie in their way, by whidi they are either absorbed or 
agam reflected, according as the property of reflectioB, or that of 
absorption, predominates in these bomes. 

Carolme, I do not well understand the difference between radia- 
ting and reflecting caloric, for the caloric that is reflected from a 
^o<Vv proceeds from it in straight lines, and may surely be said to 
i^adiate from U ? 

J^rt, B, It is true that there at first appears to be a g^eat analor 
^ between ra^/ui£ion and r^/Iedion, as they equally convey the 
idea of the transmission of caloric. 

But if you consider a little, yavt will perceive that when a body 
retdiatM caloric, the befit which it emits not only proceeds froffl) 
but has its origin in the body itself. Whilst when a body r^cts 
caloric, it parts with none of its own caferic, but only reflects that 
which it receives from other bodies. 

Emily. Of this difference we have very striking examples be- 
fore us, in the tin vessel of water, and the concav« mirrors ; the 
fint radiates its own beat, the latter reflect the heat which they 
receive from other bodies* 

CaroHne. Now, that I understand the difference, it no longec 

174. If different surfaces of the same temperature radiate in dif- 
ferent degrMs whftn heated, why do they not continiie to do so 
when cooled to the temperature of the room f 

175. What beootteaoftheaarplosofGalorio, which good radia* 
tort emit and bad ones refuse to receive ? 

in. What ia thfe diftrepce b ^ w wn the iradSattoii aadnflection 
of caloric.' 

177. Hoir woald you ilhistrate this difltomse by example ? 



^wn^^tm in« (ball \m&im wfaieh nitfkite, «r pant with tbclr cMm c»^ 
loric freely, shoald'Oot hav« the power of transmitting^ with eqaftl 
(kcility that which they receive vrom other bodies. 

Bmdy. Tet no body can be said to possess-csdoric of its own, it 
all calofic is opi^nally derived from the sno. 

^rg, B. When I speak of a body radiating^ its own caloric, t 
mean that which it has absorbed and incorporated either immedi- 
ately from the sun's rays, or throug^h the medium of any otiier sub- 
stance. ^ 

Caroline. It seems natural enough that the power of absorption 
should be in opposition to that of reflection, for the more caloric & 
body receives, the less it will reject ' - 

Efn/dy, And eqnaUy so that the power of radiation should cCT- 
respond with that of absorption. , It is, in fact, cause and effect i 
ibr a body cannot radiate heat without having^ previously absorbed 
It; jastBB a springy that is well fed flows abundantly. 

JIA-f. B. Fluids are in general very bad radiators of caloric ; and 
air neither radiates nor absorbs caloric in amy sensi ble degree. 

We have not yet concluded our observations on free calortb. 
Bot F shall defer, till our next roeetinf , what I have farther > to say 
on this subject. I believe it win afford us ample conversation foe 
another interview. 



CONVERSATION lih 
CONTINUATION OF THB SUBJBCT. 

Jtfrf. B. Ik our last conversation, we beg;&n to examine the ten- 
dency of caloric to restore an equilibrium of temperature, lliis 
froperty when once well understood affords the explanation of a 
j^reat variety of facts which appeared' formerly unaccountable^. 
You must observe, m the first place, that the effect of this tenden^ 
cy is gradnally to bring all bodies that are in contact to the same 
temperature. Thus the fire which bums in the grate, communi- 
cates its heat from one object to another, till every part of the room 
has an equal portion of it. 

Emily* And yet this book is not ^ cold as the table on Which it 
lies, though both are at an equal distance fW>m the fire, and actually 
in contact with each other, so that accordii^ to your theory, they 
should be exactiv at the same temperature. 

Caroline. And the hearth, which is much nearer the fire thanthe 
carpet, is certainly the colder of the two. 

Jlfjrv.fi. If you ascertain the temperature of these several bo^ 

1 78. When we speak of a body radiating; its own caloric, what do 
we mean ? ^ 

179- WMLtare very bad radiators of caloric ? 
lao. Has caloric any effect upon the air ? 

181. What i^ the tendency of caloric f 

182. Do all snbBtances at tbe sanie temperature feeH equally 
jravmorcold? 



m 
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bra theoiiDmettr (wlHoh n amuch more aocartlf lert t]p«|ft 
joor feeling,) you irill ind tbat it is exactly the same. 
^ Caroline. But if they are of the same temperatore, wfiy sbooU 
the one feel colder than the other ? 

•Arr«. B, The hearth and the table feel colder than the carpet or 
the book, because the latter are not such good conductors c^hltat 
as the former. Caloric finds a more easy passage throurh marbl^ 
and wood, than throngh leather and worsted ; the two former will 
therefore absorb heat more rapidly from your band, and conseouent- 
)y give it a stronger sensation of cold than the two latter, altnougb 
tney are all of them really of the same temperature. 

Caroline. So, then, the sensation I feel on touching a ooM body; 
is in propoKion to the rapidity with which my hand yields its heat U) 
that body. 

Jdrs. B. Precisely ; and if you lay your hand successively cm 
^very object in the room, you will discover which are good, an4 
which are bad conductors of heat, by the different degrees of cold 
which you feel. But in order to ascertain this point, it is necessa^. 
ry that the seyeral substances should be of the same temperature, 
which will not be the case with those that are very near the fire, or 
those that are exposed to a current of cold air from a window oiT 
door. 

Emily. But what is the reason that some bodies are better cmi-<' 
ductors of beat than others ? 

. JUrs. B. This is a point not well ascertained. It has been coit« 
jectured that a certain union or adherence takes place between the' 
caloric and the particles of the body throngh which it passes. If 
this adherence be strong, the body detains the heat, and parts witk 
it slowly and reluctantly ; ifslight, it propagates it freely and rap* 
idly. The conductinff power of a body is therefore, iov«rsely, as it9' 
tendency to unite wim caloric. 

Emily. That is to say that the best conductors are those thaf 
liare the least affinity for caloric. 

Jlfr«. B. Yes ; but the term affinity is objectionable in thiscasCf 
because, as that wofd is used to express a chemical attraction 
(which can be destroyed only by decomposition,) it cannot be ap-^ 
plicable to the slight and transient union that takes place hetweea 
free caloric and the bodies through which it passes ; an noian 
which is so weak, that it constantly yields to the tendency which 
caloric has to an equilibrium. Now yon clearly understand, that 
the passage of calonc, through bodies tiiat are good conductors, is 
-much more rapid than thaough those that are bad conductors, an<|. 
'that the former both gire and receive it more quickly, and there-v 

183. Whydoth^ttol? ~" 

184. What are instances of ^substances of the same temperature- 
producing different sensations of heat and cold ? 

185. To what is the sensation proportional on touching one's 
hand to a cold body ? . 

186. How can We ascertain which bodies are good conductors o( 
heat and which are not ? 

187. Why are somebodies better conductors of heat than others ^ 

188. Will calorie pass quickest through good, or bad condnct* . 

189. Which giftt and receives it moftt readily f 



forre, ki a ^k^ time iii9f» mhmmiuMf^ tfaaD bvS c^oii^actorp, vhidli 
makes them feel either hotter or colder, tkuiugb they ipajr be |a 
fkct, bath of the same lemperatufe. 

CareOne, Yes, I understaod it now ; the table and the book Ijiag 
upon it, bein^ realW of Uie same temperatiire, woald each receiT^ 
ia the same space or time, the same quantity of heat from my band, 
vere their dooducting powers equal ; but as the table is the best 
oonduetor of the two, it will absorb the heat from my hapd i;aore 
rapidly, and consequently produce a stronger sensation of cold 
than the book. 

Mn,B, Verf well ray dear; andobsenre, likewise, that if yod 
weretq heat the table and the book an equal number of degreed 
aboy^ the temperature of your body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the £irst 
case it took tbelieat most rapidW -from your hand, so now it will im- 
part beat mostxapidly to it. Thus the marble table, which seems 
to us tcol^er than ibe mahogany one, will proFo the hotter of the 
two to the ice ; for, if it takes heat more rapidly from our hands^ 
which are warraper,'it wUl give out heat more rapidly to the ice, 
which is colder. Do you understand the reason of these apparent- 
ly opposite effects f 

Emih/. Perfectly. A body which is a good oonduetor of caloric» 
affords it a free passage ; so ftat it penetrates through that body moce 
rapidly than through one which is a bad conductor; and conser 
qnently, if it is colder than your hand, yon lose more caloric, and if it 
is hotter^you g:aio more than a bad coniHictor of the same temp^ratnre. 

Jfrt. 8. But you must obsenrethat this is the case only when the 
coBdnctors are eilber hatter or colder than your hand : for, if you 
lieat different conductors to the temperature of^our bodyj they wiU 
all feel equally warm, since the excbaage efoaiofic between bodies 
of the same temperature is equal. Now, can you tell me why flap- 
uel clothing, which is a yeey bad conductor of hjsat, prerents our 
feeUag ooM P 

OiroHne. It prevents the cold from peuetratiiig • . . . . 

Afrt. B. But you forget that cold is only a negative quality. 

Coj^fie. True it only prevents the heat of our bodies (rqm es- 
capiug so rapidly as it would otherwise do. 

Jtrs. B. Now you have explained it right ; the flanuel rather 
keeps in the heat, than keeps out the cold. Were the atmosphi^re 
of a h^fber temperature than our bodies, it would be equally ^^pai- 
cious m keeping thoir temperature at the same degree, ^ it would 
prevent the free access of the external heat, by the difficulty with 
which it conducts it. 

EmUy. This, I think, is Very clear. Heat, whether estemal or 
internal, cannot easily penetrate flannel ; therefore, in cold Feather 



190. If we lay our hand upon a table and a boqk both of the 
same teroperalupe, why does the table produce a stronger sensatioD 
of cold than the book P 

1 91.. Under what circumstances will good and bad ccpductors 
feet equally warm to our flesh? 

192. Why does flannel clothing prevent our feeling c<^ • 

1 93. Uoider what circumstances, or when would a flannel dress 
produce a contrary effect in our feelings ? 

5 
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it ke6pi as wacm, and if the veatfier' wenebdtt^r tiiaii o» bodiesFy 
it would keep in cool. 

Mrt. B, The moit dense bodies are, genendk speaking, tfae beat 
GOndoctors of beat ; probably because tbe denser tbe body the mat- 
er are the number of points or particles that come in contact witli, 
caloric. At the common temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of iTood, and the latter 
than a piece of woollen cloth ; this again will feel colder than flan- 
nel ; and down, which is one o( the. lightest, is at the same time 
one of tbe warmest bodies.* 

Caroline. This is, I suppbse, the reason that the plumage of birds 
preseryes them so eifectoaHy firom the influence of cold in winter ? 

Jfrs, B, Yes ; but thougn feathers in general are an eicellent 
presenratire against cold, down is a kind of plumfige, ,p«ciiRar to 
aquatic birds, and covers their chest, which is the part most ex- 
posed to the water ; for though the surface of the water is not of a 
lower temperature than theatmosphere, yet as it is a better conduc- 
tor of heat, it feels much colder, consequeft^y the chest of the bird 
requires a warmer covering than any otfafer pjurt of its body. Be- 
sides, tHe breasts of aquatic birds are exposed to odd, not omy' from 
the temperature of the water, but also from the velooity with which 
the breast of the bird strikes against it ; and likewise from the ra|)- 
id evaporation occasioned in that part*^by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the Water. ^ i 

If you hold a finger of one hand motionless in a glass of water, 
and at the same time move a finger ofthe other hand swif^y through 
water of the samo temperature, a difierent' sensation will be soon 
perceived in the different fingers.f 

Most animal substances, es{>ecially those which Providence has 
assigned as a covering for animals, eucfa as for, wool^ hair, skin, 
&c. are bad conductors of heat, and are,- on that account, such ex- 
cellent preservatives against the inclemency of winter, that our 
warmest apparel is made of these materials. 

* One reason, why fur, down kc. conduct heat so badly, i8« that 
.they contain a large qnantity of air, which is a worse conductor than 
the materials themselves.— C. 

t The reason seems to be, that the finger, when it is still, warms 
the water in contact with it : while tbe one that is stirring is con- 
'stantly exposed to fresh applications of cold.-rC. 

194. What bodies are generally considered the best conductors 
6f caloric ? 

195. Why are dense bodies the best conductors ? 

196. If the surface of water is not of a lower temperature than 
the atmosphere, why does it feel colder ? 

197. -Why are for, hair, wool, and down, good preservatives 
against the inclemency of winter ^ 

198. Why are they hcui. conductors (fcaJoric? 

199. If you hold a finder of one hand motionlcM in a glaan of wa- 
fer, and at the same time move a finger of the other hand swifUy 
through wdUer of Ike same iemperalwre^ why is a different sensation 
produced ? 
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Elmiiy^ Wood t8» I dare say, not so good a coaduetor as mets(l> 
and it k ^Ifaat reaioo, aadoabt, that v^ilyer tea-pots have always 
wooden haadles. 

Mrs. B* Tea ; and it is the facility with which metals conduct 
caloric that made yon suppose that a silver pot radiated more calor- 
ic than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; bat it is because its conducting pow- 
er more than oounterbalanoes its deficiency in regard to radiation. 

V(e have observed that the most dense bodies are in general the 
best conductora ; and metals you knpw.» are of that class. Porous 
bodies, such as the earths, and wood, ar^ worse conductors chiefly, 
I believe on account of their pores being filled witli air ; for air is 
a lemaHcably bad conductor. 

Garoline. It is a very fortunate circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

JIfrr. B. It is one of the many benevolent dispensations of Prov- 
idence, in order to soften the inclemency of the seasons, and to ren- 
der almost all climates habitable to man. 
^ la fluids of difiierent densities, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand into this vessel full 
ofmercorytyou will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

Csro/tRf. Indeed I know not how to believe it,it feels so extreme- 
1t cold. — But we may easily ascertain its true temperature by the 
mennometer.-rlt is really not colder than the air ;— the apparent 
difierenoe thea is prodnced merely by the difference of the conduct- 
iDg power in mercury and in air^ 

Mrs. B. Tes ; hence you may judge how little the sense of feel- 
ing is to be reHed on as a test of the temperature of bodies, and 
how necessai7 a thermometer is for that purpose. 

It has indeed been doubled whether fluids have the power of con- 
daoting caloric in the same manner as solid bodies. Count Rum- 
ford a very few vears since, attempted to prove by a variety of ex- 
perimei^,that fluids when at rest, were not at all endowed with 
tbia prooerty. 

Caroime. How is that possible, since they arecapable of impart- 
ing cold or heat to us : for if they did not conduct heat, they would 
neither take itfrqnir nor give it to us ? 

Mrs. B* Count Raraford did not mean to say that fluids would 
not communicate their heat to solid bodies ; but only that heat does 
not pervade fluids, that is to say is not transmitted from one parti- 
cle of a fluid to another, in the same manner as in solid bodies. 

Emily, But when you heat a vessel of water over the fire, if the 
particles of water do not communicate heat to each other, how does 
the water become hot throughout ? 



too. Why does a silver tea-pot feel hotter to the hand tha£ an 
earthen one ? 

SOI. Why are wood and earths bad conductors of it ? 

902. Have fluids of diflecent densities the same power of conduct- 
ing calonc? 

203. Ought the sense of feeling to be relied onasa testof the 
temperature of bodies ? Why ? 



Mi.B. Bt MHiBtattt iglMMt. Wmatf as ^^mi hiv^t saSB» ex* 
jpMdhfbekt, in fbemtuemmAer as solid bodies ; the heated par- 
ticles of water, therefore, at the bottom of the vessel, become spe*- 
cificaHy K^ter than the rest of the liquid, and consequeDtly asoead 
to the Sttrnice, where, parting with some of their beat to the colder 
atmospheire, they are condenmsd, and give way to a fresh suocesaion 
of heated particles ascending from the bottom, which, faarin^ 
thrown off their heat at the stnrfoce, are «» their tarn displaoed. 
Thus every particle is successively heated at the bottom, and cool- 
ed at the surtaOe of the liquid ; but as the fire communicates heat 
more rapidlv than the atmosphere cools the succession of sur£ices, 
the Whole of the liquid in time becomes heated. 

Caroline, This accounts most ingeniously for the propagation of 
heat upwards. But supposing you were to heat the upper surface of 
a liquid, the particles being specificaliy lighter thaa those below, 
could not descend ; how therefore would the heat be communicated 
downwards ? 

JSr^, B. If there were no agitation to force the hieated surface 
downwards, Count Rumford assures us that the beat would not de- 
scend. In proof of this he succeeded in making the upper sur^e 
6f a vessel of water boil and evaporate, while a cake of ice reanin- 
ed fitMsen at the bottom.* 

Caroline* That is very extraordinary indeed ! 

Jffra B. It appears so, because we are not accustomed to heat 
liquids by their upper surface ; but you will understand Uhb theenr 
better if I show you the internal motion that takes place in liqinds 
when they experience a change of temperature. The motioB of 
the liquid itself is indeed invisible from the extreme minuteness uf 
its particles : but if you mix with it aiiy coloured dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge ^f 
the internal motion of the latter by that of the coloured dust it can- 
tains.— Do yoa see the small pieces of amber moving about in the 
hquid contained in this phial f 

Caroline. Yes, perfectly. 

Mrs. B, We shall now immerse the phial in a glass of hot water, 
and the motion of the liquid will be shown by that which it commu- 
nicates to the amber. 

Etnily. I see two currents, the one rising along the sides of the 
phial, the other descending in the centre ; but I do not, understand 
the reason of this. 



* Dr. Thomson says — " All fluids, however, are capable of con- 
ducting caloric ; for when the source of beat is appli^to their sur- 
face, the caloric gradually makes its way downwards, and the tem- 
perature of every stratum gradually diminishes firom the surface to 
the bottom of the liquid.— C. 



204. How are fluids heated, when placed over the fire ? 

205. By what experiment did Count Rumford attempt to prove 
that fluids do not conduct calQric downward ? 

206. What tBot Dr. ThotMon's opinion on this sttbfect ? 

207. What experiment shows the internal motion that takes 
place in liquids when they experience a change of temperature. 
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Mr». B. The hot water comnraQica^es its caloric, tbroagh the 
medium of the phial, to the particles of the fluid nearest to the glass ; 
these dilate and ascend laterally to the snr&ce, where, in parting 
with their heat, tfaej are condensed, and in descending, form the 
central current 

Caroline, This is indeed a very clear and satisfactory experiment; 
but how much slower the currents now move than they did at first? 

Jtfrt B* It is because the circulation of particles has nearly pro- 
duced an equilihrium of temperature between the liquid m the 
glass and that in the phial. 

CaroUne. But these communicate laterally, and I thought that 
beat in liquids could be propagated only upwards. 

Mn. B* You do not take notice that the beat is imparted from 
one liquid to the other, through the medium of the phial itself, the ex- 
ternal surface of which rteei?es the heat from the water in the 
glass, whilst its interaal surface transmits it to the liquid it contains. 
Now take the phial out of the hot water, and observe the effect of 
its cooling. 

EmUy. The currents are reversed ; the external current now de- 
scends, and the internal one rises. — 1 guess the reason of this 
change: the phial being in contact with cold air instead of hot 
water, the external particles are cooled instead of being heated ; 
they therefore descend and force up the central particles, which, 
being warmer, are consequently lighter. 

Jdrs. B- It is just so. Count Rumford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its partioftes ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propa- 
gated downwards4 

But though I believe that Count Rumford's theory as to heat being 
incapable of pervading fluids \b not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication is ma- 
terially promoted t^ a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottom of the lakes in Swit- 
zerland, which are fed by rivers issuing from the snowy Alps. The 
water of these rivers being colder, and therefore mote dense 
than that of the lakes, subsides to' the bottom, where it cannot be 
affected by the wanner temperature of the surface ; the motion of 
the waves may communicate this temperature to some little depth, 
but it can descend no further than the agitation extends. 
• Emily. But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Mrs, B, Certainly ; and it is on this account that neither a lake, 
nor any body of water whatever, can be frozen until every particle 



208. Why does one of the corrents rise along the side of the 
phial and the other descend in the centre, when the phial is im- 
jnersed in hot water ? 

909. If the phial be taken out of the hot water what willibe the 
effect ? 

210. What Is the reason of this change? 

$1 1 . Why does cold prevail at the bottom of the lakes in Swit« 
zefhind, which are fed by rivers issuing from the snowy Alps ? 

212. When it a lake or any coUectioaof water froxen ? 

5* 
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of die wftter bai riMtt to the rarikoe to^re off its oaloric to ibe cMtr 
atmosphere ; therefore the deefier « body of vreter is, the longer trill 
be the time it reouires to be frozen. 

Emily, But if the temperature of the whole body of water be 
brought dowQ to the freezing point, why is onl^ the surface frossen ? 

Mn. B. The temperature of the wb^le body is lowered, but not to 
the freezing point. The diminution of beat, as you know, i)rodace8/ 
a contraction in die bulk of fluids, as well as of solids. This effect, 
however, does not take place in water below the temperature of 40 
degrees, which is 8 degrees aoove the freezing point ' At that tem- 
perature, therefore, the internal motion, occanoned by the increased 
specific gravity of the condensed particles, ceases; for when the 
water at the surface no longer condenses, it will no longer descend, 
and leave a- fresh surfhce exposed to the atmosphere : this surfhce 
alone, therefore, will be further exposed to its severity, and will soon 
be brourht down to the freezing point, when it becomes ice, which 
being a bad conductor of heat, preserves thetwater beneath a long 
time, from being affected by the external col d 

Caroline* Aiul the sea does not freeze, I suppose, because its depth 
is so great, that a frost neveir lasts long enough to bring down the 
'temperature of such a great body oF water to 40 degrees? 

Jfr«. B. That is one reason why the sea, as a large mass of water, 
dees not freeze. But, independently of this, salt water does not 
freeze till it is cooled much oelew 3S degrees, and with respect to 
the law of condensation, salt water is an exception, as it condenses 
even many degrees below the freezing point. When the caloric of 
fresh water, therefore, is imprisoned by the ice on its sorftice, the 
ocean still continues throwing off' heat into the atmosphere, which 
is a most signal dispensation of Providence to moderate the intensity 
of the cold in winter 

Caroline. This theory of (he non-conducting power of iiquids, 
does noti I suppose, hold good with respect to air, otherwise the at- 
mosphere would not be heated by the rays of the sun passing 
through it ? **' 

Mrs, B. Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent m^ium, which neither radiates, absorbs, nor 
conducts caloric, but transmits the rays of the sun to us without in 
any way diminishing their intensity. The air is therefore not more 
heated, by the sun's rays passing throng^ it, than diamond, glass, 
water, or any other transparent medium -* 

Caroline, That is very extraordinary ! Are glass windows not 
heated then by the sun shining on them ? 

* To show still better that transparent media are not heated by 
the rays of the sun, throw the focus of a burning lens into a vessel of 
clear water. No effhcts on the temperature will be produced; but 
if an opake body, as a piece of eork be introduced under the fobus, 
the water at this point instantly begins to boil«— C. 

2 1 3. Why does water first freeze at the surfhce ? 

214. Why does not the surface of the sea freeze ? 

215. What moderates the intensity of the cold in winter ? 

216. Is the atmosphere heated by the rays of the sun passing 
through it ? 

^17. WhdU experiment meniioned in ClU fiofe, proves that trans- 
p(trwi media are not heated by the raijfs of the sun? 



^r«. B. No; not if tbe^lass be petfeodf transparent. A most 
conrincing^ proof that glass tradsmrts the rays of the san withoQt 
being heated by them, is afforded by; tl)e bomiDg lens, which by cob- 
verging the rays to a £dcu8 will set combustible bodies on fire, with- 
out its onn temperature being raised. 

Emilif. Tet, 94fn, B ., if I hold a piece of glass near the fire, it is 
almost immediately warmed by it ; the glass therefot^e mnst retain 
some of the caloric radiated by the fire ? Is it that the solar rays 
alone pasa freely through glass without 'paying tribute? It seems 
unaccoantdble that the radiation of a common $re shoold ha.e 
power ta^ do what the son's rays cannot accomplish. 

Mrs. B. It is not because the rays frotn ibe fire have more power, 
but rather because they have less, that they heat glass and other 
transparent bodies. It is trtle, bowevl&r, lliat as yon approach the 
source of heat the> rays beiiig nearer jpeh other, the heat is more 
condensed, taxd can produce effects oTwhifh the solar rays, from 
the great distance of tboi* sonrce, are incapable -t-Thos we should 
find it imf)0S8ible to roast a joint of meat by the sun's rays^ though 
it is so easilv done by culinary heat. Tet caloric emanated from 
horning booies whidh is commonly caWeAttHinafy hemt,hza neither 
the intensity nor the velocity 'of solar rays^^fAlfcaloric, we have 
said, is supposed to proceed originally from the sun*; bul after hav* 
iog been incorporated with terrestrial bodies^ and again givon <;at 
by them* tkoug^h its nature is not essentially altered, it retains nei* 
tber the intmisity nor the velocity with wbtph it first emanated from 
that luminary ; it has ^erefore not the power -of passing through 
transparent mediums, such as gltss and wate^ without being pai^ 
tis^ retained by those bodies. 

EmUy* I recollect that in the experiment on the reflection of 
beat, the glass scitten which you interposed between tlie bumiog 
taper and the mirror, arrested the^ays of caloric, and suffered only 
those of light to pass thfough it. ^ 

Caroline. Glass windows, dien, tlioogfa they cannot be heated by 
the sun shming on them, may -be heateid internally by a fire in the 
room f But, Mrs. B., since the atmosphere is not warmed bv the 
solar rays passing through it, how' does it obtain heat ? fox all the 
fires that are burning on the surface of the earth would contribute 
very little towards warming it. ' 

Kmily. The radiation of beat is net confined to burning bodies ; 
for all iKKlies, you know^ have that ^property : therefore, not only 
every thing upon thesnr&ce of the earth, but the earth' itself, must 
radiate heat ; and this terrestrial caloric, not having, I suppose, suf- 
ficient power to traverse the atmosphere communicates heat to it. 

JIfrf . B. Your inference is extremelv well drawn Emily ; but the 
foundation on which it rests is not sound : for the fact is, that terres- 
trial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass or water, without loss, traverses 
the atmosphere completely ; so that all the heat which the earth 
« ■ I ' " — -II. ^ i.iii. i,,i, ., ,,, — 

218. What if culinary heat ? 

S19. Why 4oes fire heat glaoh when the sen does not f 
220. To what experimentis aUusion here made illustrative of this 
subjeot ? 
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radifttes, unleis it 'meet with cloads*' or any foreign bod^ to iat^r- 
cept its passage, passes into the distant re^ns of the uoirerse. 

CaroHne, What a pit; that so rauch heat should be wasted ! 

JUrt. B, Before you are tempted to object to any law of nature, 
reflect whether it may not prove -to be one of the numberless disj^en- 
sations of Providence for our good. If all the beat which the oarth 
has received &om the sun since the creation, bad been accumol«ted 
in it, its temperature by this time would^ no doubt, have been more 
elevated than any human being could have borne. 

Caroline. I sppke^ indeed, very incpnsiderately. But, Mrs. B., 
thoiKFb the earth, at sUch a high temperature, mt^l have sconehed 
our feet, we should always bare bad.a cool reftpethmg air to breathe, 
since the radiation H)f the earth doei not heat the atmosphere. 

Emily, The cool air vrould have afforded but very insufficient 
refreshment, whilst our Ames were exposed to the burning raitia- 
tion of the earth. « * 

Mrs. B, Nor should we have breathed^a oool air ; for thoa|^ it is 
true that heat is not communicated^to the atmosphere b^ radiation, 
yet the air is warmed by contact with -heated bodies, m the same 
manner as solids or liquids. The stratum of air which is immediately 
in contact with the earth is heated by it ; it becomes specifically 
lighter, and rises, making way for another stratum of air, which is, 
in its turn heated and carried upwards ; and thas each tuccessive 
stratum of air is warmed by coming in contact with the earth. You 
may perceive this effectin a sultry day, if you attentively observe 
the strata of air near the surface of the earth ; they appear in con- 
stant agitation; for though it is true the air itself is invisible, yet the 
suD shining on the vapours floating in it^ render them visible^ like 
the amber dust in the water. The temperature of the surface of 
the earth is therefore the soproe from whence the atmosphere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power; but every particle of >air must come in contact with <he 
earth, in order to receive heat from it. 

Emily. Wind, then, by agitating the air. should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air tn^iontact with the earth .' and yet 
in general wind feels cooler than stilfair. 

Mrs, B. Because ihe agitation of the air o^ihies off heat from the 
surface of our bodies more mtpidly than still air, by occasioning a 
greater number of points of contact* in ^ ^iven time. 

* Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the summer. The moisture of the fog absorbs the 
beat which the earth radiates, and throws it back upon the earth 
again, and upon us. — ^C. 



221 . What becomes of the heat which the earth radiates f 

222. What would be the effect if all the heat which the earth has re- 
ceived from the sun, since the creation, had been accumulated in it ? 

223. Why, in summer, is it particularly hot in dpudy, or foeey 
weather? 

224. How is the airheaUdj if not 4U hat been miid^ hy tht ruys of 
4he tun J^jfinf through Uf 

225. Why 18 the wind coding to our bodies P 



FAEE CAI.OAIC 



W 



Emily* Since it is from the earth, and not the sun, ttiat the at- 

mosph^ receives its beat^l no looffer wonder that elevated regiona 

Bhould be colder than plains and valleys. It was always a subject 

Q^ of astonishment to me, that in ascendmg a mountain and approach* 

V ing the sun, the air b'ecame colder instead of beiog more heated. 

Jiirs. B. At the distance of about a hundred millions of miles, 

which we are from the. sun, the approach of a few tfaoasand feet 

makes no sensible difference, whilst it produces a very considerable 

effect with regard to the warming of the atmosphere at the surface 

of the earth. 

Caroline. Tet as the warm air arises from ttie earth, and the 
cold air descends to it, 1 should have supposed that heat would have 
accumulated in the upper regions oif the atmosphere, and tha^ we 
should have felt the air warmer as we ascended. 

JkSrs. B. The atmosphere you know, diminishes in density, and 
consequently in weight, as it is more distant from the earth : the 
warm air, therefore, rises only till it meets*with a stratum of air of 
its own density ; and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been previously heated. 
The length of summer, even in warm climates, does not heat the air 
sufficiently to melt the snow which has accumulated during the wm- 
Fiff. 6. ter on very high mountains, although they 

are almost constantly exposed to the heat 
of the sun^s rays, being too much eleva- 
ted to be often enveloped in clouds. 

Emily. These explanations are very 
satisfactory ; but allow me to ask you one 
more question respectiug ttie increase^ 
levity of heated liquids. You said that 
when water was heated over the fire, the 
particles at the bottom of the vessel as- 
cended as soon as heated, in consequence 
of their specific levity ; why does not the 
same effect continue when the water boils 
and is converted into steam ? and why 
does the steam rise from the surface, in- 
stead of the bottom of the liquid f 

Jdn. B. The steam or vapour does as- 
cend from the l>ottom, though it seems to 
arise from the surface of the liquid. We 
shall boil some water in this Florence 
flask, (Fig. 6.) io order that you may be 
well acquainted with the process of ebul- 
lition : you will then see, through the 
lass, that the vapour rises in bubbles 
rom the bottom* We shall make it boil 
^ by means of a lamp, which is more eon- 
. _ ^ " venient for this purpose than the chimney 
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22G. Why is it colder on high hills and mountains than it is io val- 
leys, since the former are nearer the sun than the latter, and since 
also it is the nature of the air to rise as it becomes warmed P 

227. What illustration is mentioned to shew that the air is not 
heated by the sun's rays passing through it ? 

228. jDoes water boilfrom the top, or from the^bottom of g vessel f 



S8 F|US£ CALOIUC* 

Emily. I<aeflOflMtiiuillbiibMMaaoeiid,aiida|[tefttiDaByappear 
all over the inside of tiie llaBk ; does the water begin to b<Hl already i 

J^rg. B, No : what you now see ar^ bubbles of air, which were 
either dissolved in the wat», or attached to the inner sarface of the A 
flask, and which, being rarefied by the heat, ascend in the water. 

Emily, But tiie heat which rarefies the air inclosed in the water 
inust rarefy the water at the same time ; therefore, if it could re* 
main stationary in the water when both were cold, 1 do not under- 
stand why it should not when both are equally heated. 

JOn. 6, Air being much less dense than water, is more easily 
rarefied ; the former, therefore, expands to a great extent, whikt 
the latter continues to bccupy nearly the same space ; for the wa- 
ter dilates comparatively but very little without changing its state 
and becoming vapour. Now tbiat the water in the flask oegins to 
boil, observe what large bubbles rise from the bottom of it. 

Emily, I see them perfectly ; but I w'bnder that they have safli- 
cient power to force themselves through the water. 

Caroline, They muat rise, you know, from their specific levity. 

nMrt, B. You are right, Caroline ; but vapour has not in all li- 
quids (when brought to the degree of vaporization) the vower of 
overcoming the pressure of the less heated surface. Metals, for in- 
stance, mercury excepted, evaporate only from the durfoce; there- 
fore no vapour will ascend from them till Oie degpnae of heat which 
is necessary to form it has reached the sur&ce ; that is to say, till 
the whole oi the liquid is brought to a state of ebullition. 

Emily. I have observed that dteam, immediatelv issuing from the 
spont of aJ^-kettle^ja.le8a visible diBiLAi-aAivtner distance from 
»t , yet it must be more dense when it first evaporates, than when 
it begins to diffuse itself in the air. 

J(fr«. B. When the steam is first formed, it is so perfectly diaaolr- 
ed bjr caloric, as to be invisiblOi In order, however, to understand 
this, it will be necessary for me to enter into some ex(Janation re- 
specting the nature of solution. Solution takes^place wheoevera 
body is melted in a fluid. In this ooeration the body is reduced to 
such a minute state of division hj tne fluid, as to becoibe invisible 
in it and to partsiEe of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided in- 
to its integrant particles b}^ the fluid in which it is melted. 

Caroline, It is then a mode of destroying the attraction of aggre- 
gation. 

•Mrs, B> Undoubtedly. — The two principal solvent fluids aretoa- 
ter and calorie. Yon may have observed that if you melt salt in wa- 
terit totally disappears, and the water remains clear and transpa- 
rent as before ; yet though the union of these two bodies appears so 
perfect, it is not produced by any chemical combination ; both the 

229- What cailses those bubbles which ascend, and those which 
gather on the inside of a vessel when water is heating ? 

230. Why is air more easily rarefied than water ? 

231. When water begins to boil why do large bubbles rise from 
the bottom ? 

232. Has vapour always the power of overcommg the pressure of 
the less heated surfiice? 

233. .What substances evaporate only from the surface ? 

234. When does solution take placer 

235. What are the iwo principal solvent flaids.' 



fuss CMLOKIC. &8 

^t and tiM vtter remain micbaiiged ;* and if you vera to separate 
tbem by eftporatiog the latter, you wonld find the salt in the same 
state as before. 

SmUy. I sappoie that water is a advent for solid bodies, and cAr 
loric for liquids? 

Mrs. B. Lumids of course oan only be conrerted into raponr hj. 
oaforic. But the solvent power of this aJrent is not at all confined 
to that class of bodies ; a ^reat variety of solid substances are dis- 
solved by heat ; thas metsds, which are insoluble in water, can be 
dissolved by intense heat, bein|^ first fused or ctmverted into aliauid 
and then rarefied into ^ invisible vapour. Many other boaiesi, 
sueUas. salt, gums, &c. yield to either of these solvents. 

C^rdUne. And that, no di^bt, is the reason why hot water will 
melt ^m so much better than cold water. • 

Jlfr«. B. ' It is so» Caloric may, indeed be considered as having 
in every tnstaaee, eokne stare in the solution of a body by water, 
since water, however low its tferaperature may be, sdways contains 
more o» less ealirie. 

. Emify, Then, peitraf^. water^owes its solvent fower merely to 
the caJoric contained in it. 

Mrs.- B. That, probably, would be carrying the speculation too 
far ; I should rather think that water and caloric unite their efforts 
to dissolve a bodyv and that the difficulty d%Aieiu|y>of effecting this^ 
depend both on the degree of altraction ofwgrtigation to be over-* 
come, and on the a rrange m ent of the particles wbieh are more <^ 
less^isposed to be divided aod ^netrated by the solvent. 

JCmsiy. But have not ali Ucpiids the same solvent power as water? 

Mrs. B* The solvent pawer of other liquids varies according to 
their nature, and that of the substances submitted to their action.-— 
Most of these solvents^ indeed, diiTer essentially from water, as they 
do not merely separate the integrant articles of the bodies which 
they dissolute, but attaok their constituent principles by the power 
of chemical attraction, thus producing a trucdecomposition. These 
more complicated operations we must consider in another place, and 
confine our attention at present to the solutions by water - and ca- 
loric. 

Caroline* But there are a variety of substances- which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
rency. 

Mrs* B> In this case it is not asblution, but simply a mixture. 
I shall show yon the difference between a solution and a mixture, 
by putting some common salt into one glass of water, and sOme pow- 
der of chalk, into another; both these substances are white, but 
their effect on the water will be very different. 

CatoUne* Very different, indeed ! The salt entirely disappears 

9aS» After salt has been dissolved in water, can they be separated 
so as to have the salt in the same state, as before it was dissolved ? 
By what means ? 

237. Has caloric any infl.uence in the solution of a body by water ? 

938. On what does the difficulty or facility of dissolving bodies 
dejMnid? 

239. Have all liquids thct same solvent power as water ^ 

340. How do these solvents differ from water? 

/34I. What is. the difference between a solution and a mixture ? 
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and leaves the water transparent, whilst th^ chalk cliang^ds it fiato 
ao opaque liquid like milk. 

Entity . And woald lumps of chalk and salt produce siniilar effects 
bn water ? '' 

Mrs, B. Yes, but not so rapidl]^ : salt is, indeed, soon melted, 
thoug^h in a lump ; bnt chalk, which does npf mix so readily with 
waterwonM re(]uire a much greater length of time; I therefore 
preferred showing you the experiment with both substances redu- 
ced to powder, which does not in any' respect alter their nature, but 
facilitates the operation merely by presenting a greater quantity of 
surface to the water. 

1 must not fdrget to mention a very curious circumstance respect- 
ing solution, which is, that a flnid is not nearly so much increased in 
bulk by holding a body in solution, as it wpuM be, by mens mix- 
ture with the bpdjT. 

Caroline* How is^that possible ? fortwbboties cannot etist to- 
gether in the same space. • < ♦• - 

Mrs, B. Two bodies may, by condensation, obcupy less space 
when in union than when separate, and this ( can show yoA by an 
easy experiment. 

This phial which contains some salt, 1 shall fill witSi water, pour- 
in^ it in quickly, so "as not tb dissolve much of the salt ; and when 
it IS quite foil I cork it. If I now c^ke the phial till the salt is 
dissolved, you will observe thatit h no longer fall. 

Caroline, T shall try to add a littie more salt. Bnt now yon see 
Mrs. B. the water runs over. 

JUrs B, Tes ; but' observe (hat tihe last quantity of salt you put 
in remains solid at the bottom, and displaces fhe water ; for it has 
already melted all the salt rt is capable of holding in solution. This 
is called the point of saturation ; and the water in this case is said 
to be saturcded with salt; 

Emily, I'think I now understand the solution of a solid body by 
water perfectly ; but I have ngt so clear an idea of the solution of a 
liquid by caloric. 

Jlfr«. B. It is probably of si similar natnre ; bnt as calorie is an 
invisible fluids its action as % solvent is not so obvious as that of wa- 
ter- Caloric, we may oooceive, dissolves water and converts it in- 
to vapourby the same pr<)cess as water dissolves Salt ;'that is to say> 
the particles of water are so minutely divided by the caloric as to 
become invisible. Tlius, you are now enabled to unders'tand why 
the vapour of boiling water, when it first issues from the spout of a 
kettle is' invisible ; it is so, because it is then oomplet^y dissolv- 
ed by caloric But the air with which it comes in contact, being 
much colder than the vapour, the hatter yields to it a quantity of 
its caloric. The particles of vapour being thus in a great measure' 
deprived of their solvent, gradually collect, and beoome visi- 
ble in the form of steam, which is water in a state of imperfect so- 
lution ; and if you weve further lo deprive it of its caloric, it would 
return to its original liquid state. 



' 24^. Are ftufds equally increased in \ ralk by the solution and the 
mixture of a solid? 

243. What experiment proves thattbey are not? 

244. When is a solvent saturated ? 

245. Why is vapour less visible on first rising fram a liqnid. 
than afler having ascended a distaaci \ from it ? 



PJUBB CALOUC. ^61 

Ctarolbtf. iSntluadentandTeiywd^ IffOtthoUagoiapIale 
<Mrer a tea-um, the steam issuing from it will be immediately ooa- 
verted into drops of water by parting with its caloric to the plate; 
but in what state is the steam when it becomes invisible by oehig 
diffused in the airi 

JUn, B, It is not merely difiiised, but is again dissolved by the air. 

EmUy. The air, then, has a solvent power, like water and caloric f 

Mra. B. This was formeriy believed to be the case. But it ap- 
pters from more recent inquiries that the tolvent power of the at- 
mosphere depends solely upon the caloric contained jn it. Sometimes 
the waterjT vapour diffused in the atmosphere is but imperfectly dis- 
solved, as is the case }q the formation of clouds and fogs ; but if it 
^ets into a region sufficiently warm, it becomes perfectly invisible. 
. Ikmlv. Can any water be dissolved in the atmosphere without 
having been previously converted into vapour by boUing ? 

Jdrs. B, Unquestionably : and this constitutes the difference 
tietween vaporizaJtUm an4 ewtporaiion. Water, when heated to the 
tx>iling ppint, can no longer exist in the. form of water, and must 
necessarily be converted into vapour or steam, whatever may hit 
the state and temperature of the surrounding medmm ; this is callea 
Vaporization. * But the atmosphere, by means of the caloric it con^i 
tains, can take up a certain portion of water at any temperatttra» 
and hold it in a state of solution^ This is simpler evaporation. Thus 
4be atmosphere is continually carrying off moisture from the sur-. 
face of the earth, until it is saturated with it. 

Caro/tne. This is the case, no doubt, when we feel the atmos- 
phere damp. 

Mra. B. On the contrary, when the moisture is wdll dissolved it 
oeoasions no humidity ; it is onlv when in a state of imperfect solu- 
tion and floating in the atmosphere, in the form of watery vapour, 
(bat it produces dampness. This happens more frequently in win- 
ter than in summer ; for the lower the temperature Of the atroos-> 
pbere, the less water it can dissolve ; and in reality it never contains 
so much moisture av in a dry, hot, summer's day. 

Catroline, Ton astonish me ; but why, then, is the air so dry in 
ffosly weather, when its temperature is at the lowest .* 

Emiijf. This, 1 conjecture, proceeds not so much from the mois- 
ture bempT dissolved, as from its being frozen :* is not that the case^ 

Jira* B> It is : and the freefeing of the watery vapour which the 

* In cold climates, when there is not a cloud to be seen, and the 
sun rises in all his glory, the air is sometimes full of little particlea 
of ice glistening in every direction, and forming a. most beautiful 
spectacle. This is owing to the condensation, and freezing of tfap 
particles of water in the air, by the intense cold.— C. 

. : ^ ,, 

S46. Upon what does the solvent power of the atmosphere depend^ 

247. What causes fogs? 

248. What is the difference between vaporation and evaporisatioof. 

249. Why does the atmosphere sometimes feel damp P 

260. When does the atmosphere contain most moptttreyiii sum- 
nmr or winter ? 
251. Why is the air so dry in fiosty weatberf 
25& How is frost produced. 

6 
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tCmospheric heat could not diBsolre; piodudM n^bat is called a. hoar 
fhMt ; Ibr the particles descend in freeaiog, and attach tibemselves 
to whaferer they meet with oo the aiirfhce of the earth. 
' The fendeiMrf of free cdliAric to an equilibrhiv, together with its 
solvent power^ve likewise connecte • with the phenomena of rain, 
of dew, '&o. when moist air of a certain temperature happens to 
pass thnm^ a colder region of the atmosphere, it parts with a por- 
tibto of its^beat to the snrroundiogair ; the quavtit? of oal<ftic, there- 
tarts which serred to keep the water in a state of vapour, being di- 
mliiisM, the watery particles approach each Other, and form tbem- 
selvesinto drops of water. v»hioh, beii^ heavier tha»the atmosphere 
descend to the eavth. There are aho other circumstances, and 
particdtarly the variation in the weight of the atmosphere, tike 
Changes which take place in its electrical state, &;c which may 
contribute to the formation of rain. This, however, is an intrtoaUe 
Sttbiect, into which wecannot more fully enter at present. 

EmUy. In what manner do ybu account for the formation of dew ? 

Jtf r«. B. Dew is a deppsition of watery particles or minute drc^ 
from the atmosphere, |]4recipitated by the coolness of the evenine. 

CaridiM, This precipitation is owii^> I suppose, to the cooliDg 
of the atmosphere, which prevents its retainrag so great a quantity 
ef watery vapour iO solution as during the heat of &e day. 
" Mra, B. Such was, frain time immemorial, the generally received 
Opiiiion respecting the cause of dew ; but it has been very recently 
proved by a course of ingenious experifnents of Dr. Wells, that the 
oeposition of dew is prc^uced by-tne coding of the surface of the 
earth, which he has shown to take place previously to the cooling of 
the atmosphere ; for «o examining the temperature of a plot of 
grass just before the dew-fall, he found that it was considerably 
Colder than the air a few feet above it, from which the dew was 
shoi^tiy after precipitated. 

Emily. But why shooid the earth cool in the evening sooner than 
tiie atmosphere? 

Mrs. B, Because it parts with its heat more readily than the air ; 
the earth is an excellent radiator of caloric, whUst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evening, thetefere, wffeo the solar heat declines, and when 
after sun-set it entirely ceases, the earth rapidly cools by radiating^ 
heat towards the skies; whilst the air has.no means of parting with 
iiB*"faeat but by coming into contact with the cooled surface of the 
earth, ^to which it communicates its caloric. Its solvent power being* 
thus reduced, it is unable to retain so large a portion of watery Ya- 
pour. and deposits those pearly drops which we call dew. 

'£m%. If this be the cause of dew, we need not be apprehensive 
of receiving any tnjvry from ft ; for it can be deposited only on sur- 
faces that are colder than the atmosphere, which is never the case 
with mkr bodies. . 

Jtfrs. B. \erj true; yet I would not advise you for this reason lo 



253. How is rain formed.^ 

3S4. In what manner do ^on account for the formation of dew ? 

255. To what is the precipitation owing that takes place in the 
production of dew ? 

256. Why does the earth cool sooner in the evening thsm the at- 
mosphere? ^ . 

257. What ill effects may result from dew to health P 
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be too ocnfident.of«8o^iilg^ aJLtbe lU^effiMiU which may amm from 
ezposnre t» the dew; for i^ may be depoaited on yoQr clothea, and 
chul yon afterwaidb by its evaporation from them* Beaidaa, irhen* 
erer the dew is copious^ tbf re is a chill ie the atmosphere^ which is 
not always safe toeoeount^. 

Gurolme. Wind, thcDj should promote, the deposition of dew, bv 
bnaginr a more rapid suooession ofjpaf ticles of air in contact witb 
the earth, just as it promotes the cooliog of the earth and warming 
of the atmosphere during the heat of the day ? 

Mr9* B, This may be the case in some degree, provided the agi- 
tation of the air be not coosidemble; (br when tbe wind is stroB|f^ 
it is found that less dew is deposited tban in calm weather, especi- 
ally if the atmosphere be loaded with clouds- Theseaocumnlations 
of moisture not only prevent the free radiation of the earth towards 
tbe upper regionsv but thems^lyes n^iiate towards, .the earth; Air 
which reasons much less dew is formed than on fine dear nights, 
when the radiation: of the earth passes without obstacle througn the 
atmospbero to the distant rogfions of space, whence it receives no 
caloric in exchange. Tbe dew continues-to be deposited during the 
nightf and is generally the most abundant towaros morning, when 
the contrast between the temperature ojf tbe earth, and that of the 
air is greatest After sunrise the equiUbriom of temperature be- 
tween those two bodies is gradually restored by the solar rays past- 
ing freely through the atmosphere to tbe eami; and later in the 
morning the temperature of the earth gains tbe ascendancy, and 
gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during tbe mgbt. 

('an you tett me, now, why a botUe of wine. taken fresh from the 
ceUar (in summer particularly,) will soon be covered with dew ; and 
even the glasses into which the wine is poured will be moistened 
with a similar vapour? 

Emily. Tbe bottle being colder tban tbe surrounding air, must 
absorb caloric from it ; the moisture, therefore, which tl^t air con- 
tained becomes visible, and forms the dew which is deposited on 
tbe bottle. 

Mrs. jB. Verj well, Emily. Hqw^ Caroline, caa you inform ^le 
why, in a warm room, or cfose carriage, the contrary effect takes 
place : that is to say, that the inside of the windows is covered with 
vapour? 

Caroline, I have heard that it proceeds from the breath of those 
witfain the room or the carriage ; and I suppose it is occasioned by 
tbe windows which, being colder than the breatb» deprive it of part 
of its caloric, and by this means convert it into watery vapour. 

JMV*«. B. You have both explained it extrepiely well. Bodies at- 



258. When does wind promote tbe depositioii of dew ? 

259. Why does more dew acewmdate in a clear nigfat.tban when 
it is cloudy .'' 

260. When is tbe dew most abundant, and why is it then most 
abundant ? 

!5$l. Wby is a tumUer or bottle filled with cold water covered 
wkh moisture in a warm day" ? 

262. Wbv in a warm room or in a cloae carriage does moistiire 
coBect on tbe inside of the windows ? 

263. Whvdoe8l688deweoUectqiM»claand8aJid8,tbanongraas 

and vegetaoles ? 
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tract dev in pf oportioii as they are g^ood radiators of calorie, as it is 
tMs quflditj whicb reduces their temperature below that of tbe at* 
mospnere ; hence we find that litfle or no dew is deposited on rocks, 
sand, or water; whfle grass and liring regetables, to which it is so 
highly beneficial, attract it in abandance^another reoiarkable in- 
* stance of |^e wise and bountiful dispensations of Providence. 

EtnUy, And we may again observe it in the abundance of dew in 
Qimmer, and in hot cumates, when its cooling effects are so much 
required ; but I do not understand what natural cause increases the 
dew in hot weather ? 

Jlfr«. B. The more caloric the earth receives during the day, the 
more it will radiate aAerwards, and consequently the more rapidly 
its temperature will be reduced in tbe evening, in comparison to that 
of the atmosphere. In the West Indies esp^ially, where the in- 
tense heat or the day is strongly conbasted with the coolness of the 
evening, the dew is prodigiously abundant. During a drought, the 
dew is less plentiftil, as uie earth is not sufficiently supplied with 
moisture to be able to saturate the atmosphere. 

Cki^oUne. I have often observed, Mrs. B., that when I walk out 
in frosty weather, with a veil over my iiatce, my broath freezes upon 
it Pray what is the reason of that ? 

Mrs* B. It is because the cold air immediately seizes on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
^ and there it continues parting with its caloric till it is brought down 
to the temperature of the atmosphere, and assumes the form of ice. 

S(ou may, perhaps, have observed that the breath of animals, or 
rather tbe moisture contained in it, is visible in damp weather, or 
during a frost. In the former case, the atmosphere being oversato- 
rated with moisture, can dissolve no more. In the latter, the cold 
condenses it into visible vapour ; and for the same reason, the steam 
; arising from water that is warmer than the atmosphere, becomes vi- 
sible. Have you never taken notice of the vapour rising from your 
hands after having dipped them into warm water? 

CaroUne. Frequently, especially in frosty weather. 

Mrs. B, We have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so great a quantity 
of caloric, and whose particles consequently adhere so slightly to- 
gether, that they may be rapidly converted into vapour without any 
elevation of temperature, merely by taking off the weight of the at- 
mosphere. In such liquids you pereeive, it is the pressure of the 
atmosphere alone that connects thenr particles, and keeps them in a 
liquid state. 

CaroUne, I do not well understand why the particles of such fluids 
should be disunited and converted into vapour, without any eleva- 
tion of temperature, in s^ite of the attraction of cohesion. 

Mr^ B, It is because the degree of heat at which we usually 

264. Why does more dew collect in summer and in cold climates, 
than in winter and warm climates ? 

265. Why is there a small quantity of dew in a time of drought ? 

266. Why is the moisture contained in the breath of animals vi- 
aible in damp weather, or during a frost? 

267. How are certain liquids, which contain a great degree of 
cakviC) converted into vapour^witfaout any incfeaseoftemperatBrer 
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obaerre Umh ffiiidt i* iaAeiait to orereotne their ■ttraotioD of co- 
h«aioD. Etberitof thiadeicriptioii; it irfil boil and be conTertod 
into r^Mwr, ftt the Mtnmon temperatDKofdie air, if the presanre 



Emibf. 1 dMogfal tbat edier would evaporate trittioat either ftfc 
fO'eMiireoftbeBtniOipberebeiDgtakenawaj.orfaeatapplied; u4 
that it was for Umt reaton so necessaij to keep it caretbll^ corked 
op. 

Jlfr». B. It is f roe it will evaporate, but withont ebnllition ; wfaat 
I am now ipeakine of ii the raporization of ether, or its coaversiott 
into vapour by boiIiD^. 1 am gniae lo show yon how inddeDiy the 
ether in this phial will be converted into vapour, by means of the 
air pump.— Observe with what rapidity the babbles atcend, as 1 
take off the pressure of the atmosphere. 

Caro/tne. ]t positively boils: how slngalar to Me a liquid boil 
without beat ! 

Mri. B. Now I r«. T. 

shall place the phial Ptieumaiic Pump. 

of ether in this g'lass, 
which it nearly fits, 
10 as to leave only a , 
small space, which 1 
fill with water ; and 
in this stale I pot it 
again under the re- 
ceiver.* -You wilt 
observe, as leshauBt 
the air from it, that 
whilst the ether 
boils, the water 

Carotiiu, It is in- 
deed wonderfttl to 
see water freeze io 
contact with a boil- 



the ether can pass to 

the state of vapour, 

witboat an addition 

of caloric. I >oei it ^-'j B^-^S'Sl'-^IZiX'wW^'^ilil 

not contain more „„„„,o„, iiUii EiiKr.u.c>u<i<>ib<wiuc. 

caloric io a stale of vapour, than in a state of liquidity.' 

* Tw« pieces of thin glass tubes, sealed at one end, m^t answer 
this purpose better. The experimeat, however,Bs here described, 
n difficult, and requires a very nice apparatus. But if, instead i^ 
phials or tubes, two watch glasses be used, water may be frozen al- 
most iostaotly in the same manner. The two glasses are placed 
over one aootber.With a fisw drops of waCerinterposed bet ween them, 
and the uppermost glass is filled with ether. After Workiug tbfe 

368. How can «Uiar be made to boil irHlwiit the apptknliao of 

269. HmriitbeezpeTipientiDadef 
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Jfrs.B. It cerUinlT does : for thongfa it is the pressure of tbe 
atmosphere which condenses it into a liquid, it is by forcingf oat the 
caloric that belong;s to it when in an aeriform state. 

EmUy> You have therefore, two difficnlties to explain, Mn« B. 
First, whence the ether obtains the caloric necessary to convert it 
into raponr, when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water, in which the bot- 
tle of eUier stands, is frozen ? 

Oiroline* Now, I think I can answer both these questions. Tbe 
ether obtains the addition of caloric required, from the water in the 
glass ; and the loss of caloric which the latter sustains, is the occa.- 
sion of its freezing. 

Jlfnr. B. Tou are perfectly right ; and if you look at the ther- 
mometer which I have placed in tbe water, whilst I am working^ 
the pump, you will see that every time bubbles of vapour are pro- 
duced, Vae mercury descends ; which proves that the heat of the 
water diminishes in proportion as the ether boils. 

EmUy. This I understand now very well ; but if tbe water freezes 
in consequence of yielding its caloric to the ether, the equilibrium 
of heat must, in this case be totally destroyed. Tet you have told 
US, that tbe exchange of caloric between two bodies of equal tem- 
pmture, was always equal ; how, then, is it that the water, which 
was originally of the same temperature as the ether, gives out calo- 
ric to it, till the water is frozen and the ether made to boil ? 

Mrs, B, I suspected that you would make these objections ; and, 
in order to remove them, I enclosed two thermometers in tbe air- 
pump ; one of which stands in the glass of water, tbe other in the 
phial of ether ; and you may see that the equilibrium of tempera- 
ture is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in tbe same manner; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily. The ether, then, becomes colder as it boils .^ This is so' 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline* It is, indeed, a most extraordinary circumstance. But 
prav how do you account for it I 

Mr9, B. i cannot satisfy your curiosity at present ; for before 
we can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latent heat : and that, I 
think we must d^fer till our next interview. 

Caroline. 1 believe, IMTrs, B., that you are glad to put off the ex- 
planation ; for it must be a very difficult point to account for. 

Jirs. B% I hope, however, that 1 shall do it to your complete sat- 
isfaction. 

Emily. But before we part, give me leave to ask you one ques- 

pump foi^ a minute or two, the glasses are found to adhere strongly 
together, and a thin layer of ice is seen between them. 



270. In what state does ether exist when tbe pressure of the at- 
mqsphere is taken off? 

271. Why does .the evaporation of ether freeze water ? 

272. What experiment is made widi water and ether, aad two. 
thennom^ten ? 
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iioo. Wonld not water, as wdl as ether, boil with less heat, if de- 
prived of the pressure of the atmosphere ? 

Mrs. B. Undoubtedly. Tou must always recollect that there 
are two forces to oTercome, in order to make a lipoid boil or evap- 
orate ; the attraction of aggpregation, and the weight of the atmos^ 
pher*. On the summit of a high mountain (as M. I>e Saussure as- 
certained on Mount Blanc,) much less heat is required to make 
water boil, than in the plain where the weight of tte atmosphere is 
greater.* Indeed* if the weight of the atmosphere be entirely re- 
moved by means of a good air-pump, and if water be placed in the 
exbansted receiver, it will evaporate so fast, however cdid it may 
be, as to give it the appearance of boiling from the surfoce. But 
without the assistance of the air-pump, I can show you a very pret- 
ty experiment, which proves the effect of the pressure of the atr 
mospnere in this respect 

Ol»erve that this Florence flask is about half full of water, and 
the upper half of invisible vapour, the water being in the act of boil- 
ing. 1 take it from the lamp, and cork it carefully— the water, you 
see, immediately ceases boiling. I shall now dip the flask into a 
basin of cold water.f 

Cbrolutt. But look, Mrs. B., the water begins to boil again, al- 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that ? 

Mrs, B. Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 180 degrees, whicliL is 
about 30 degrees below the boiling point. When 1 took the flask 
from the lamp, I observed to you that the upper part of it was fiUed 
with vapour ; this being compelled to yield its caloric to the cokt 
water, was again condensed into water. What then flUed the up- 
per part of the flask ? 

Emily » Nothing ; for it was too well corked for the air to gain 
admittance, and therefore, the upper part of the flask must be a 
vacuum. ^ 

Mrs. B. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Thus, you see, though it had lost many degrees 
of heat, it o^an boilin? again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the water 

* On the top of Mount Blanc, wat9 boiled when heated only to 
lil degrees, instead of 212 degrees. 

t The same effect may be produced by wrapping a cold wet linen 
cloth lound the upper part of die flask. In order to show how much 
the water cools whilst it is boiling, a thermometer graduated on the 
tube itself, may be introduced into the bottle through the cork.— C. 

» I 1 1 .1 .1 1 .11 1 1 1 1 „ 1. 1 ■ _ I, - — — — 

273. What two forces are to be overcome in order to make a li- 
quid boil or evaporate f 

S74. Why does it require the application of less caloric to boil 
water on ani^h mountain than on low land ? 

175. What IS the appearance of water when placed in an ex- 
havted receiver? 

S76. What experiment is mentioned to shofw feiow thebclliogof 
Vqaiad ii aSiBOted by alBMiplmeal pceasin« ^ 
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Mnr stiU fiurther reduced; if it bad bem ether imiead of water, it 
would ha^e continued boiling much longfer, for ether boila under 
the usual atmospheric pressure, at a temperature as Ipw as 100 de- 
gp*ees ; and in a Tacuum it boils at almost any tem^rature ; bat 
water beings a more dense fluid, requires a more ooosideratde quan- 
tity of caloric to make it eraporate quickly, eren when tbeif>res- 
sure of the atmosphere is removed. 

Emily. What proportion of rapour can the atmosphere contain in 
a state of solution ? 

Mrt, B. I do not know whether it has been e]^aGtly ascertained 
by experiment ; but at amr rate this proportion must vary, aceor- 
ding to the temperature of the atnunpbere ; for the lower the tem- 
perature, the smaller must be the proportion of vapour that the at- 
mosphere can contain. 

To conclude the subject of free caloric, I should mention IgnUion, 
hj which is meant that emission of iight which is produced in bo- 
dies at a very high temperature, and which is the effect of aocuniu- 
lated caloric. 

Emily You mean, 1 suppose, that light which is produced by a 
burning body. 

Jdrs. B, No ; ignition is quite independent of combustion. 
Clay, chalk, and indeed all incombustible substances may be made 
red hot. When a body burns, the light emitted is the effect of a 
chemical change which takes place, whilst ignition is the effect of 
caloric alone, and no other change than that of temperature is pro- 
duced in the ignited body. 

All solid bodies, and most liquids, are susceptible of ignition, or 
in other words, of being heated so as to become luminous ; and it is 
remarkable that this takes place pretty nearly at the same tempera- 
ture mall bodies, that is, at about 800 degrees of Fahrenheit's scsde. 

JEmily, But how can liquids attain so high a temperature, with- 
out being conyerted into vapour ? 

Mrs jf. By means of confinement and pressure. Water confi- 
ned in a strong iron vessel (called Papin's digester,) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effects of heat assisted 
by pressure ; by means of strong gun-barrels, he succeeded in melt- 
ing a variety of subsLaoces which were considered as infusible; and 
it is not unlikely that, by similar methods, water itself might b^ 
heated to redness. $ 

Emily. I am surprised at that ; for I thought that the force of 
steam was such as to destroy almost all mechanical resistance. 

JUrs, B, The expansive force of steam is prodigious ; but in or- 
der to subject water to such high temperature, it is prevented by 
confinement from being convert^ into steam, and the expansion of 

I ■.■■-■■ ■■ ■ — ■ . _ ■->- ■■■— ■ ■ I I— — H..^— — ■ I B.!^- — .-- 

2T7. What proportion of vapour can the atmosphere contain in a 
state of solution ? 

278. What is meant by ignition ? 

279. How does ignition vary from combustion ? 

280. Are liquids susceptible of ignition ? 

281. At what temperature does ignition take place ? 

282. How can they attain so high a temperature, without being 
conrerted intorapour.^ 

283. What experimenti were made by Sir Jamea Hall ^ 
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heated water is coxnpantirely trifling. Bat we bare dwelt so long 
on the subject of free caloric, that we mast reserre the other rood- 
Ucations of that agent to oar next meeting, when we shall endeav- 
qur to proceed more rapidly. 



CONVERSATION IV. 

ON COMBINED CAL'ORIC, COMi^REHENDING SPECI- 
FIC AND LATENT HEAT. 

Jtfr*«. B. We are now to examine the other modifications of ca-^ 
loric. 

CJaroline. I am very curious to know of what nature they can 
be ; for I have no notion of any kind of heat that is not perceptible 
to the senses. 

JIfrt. B, In order to enable you to understand them, it will be 
aecessany to enter into some previous explanations. 

It has been discoTered by modem chemists, that bodies of a dif- 
ferent nature, heated to the same temperature, do not contain the 
same quantity of caloric. 

Caroline, How could that be ascertained? Have you not told 
us that it is impossible to discover the absolute quantity of caloric 
which bodies contain ? 

JUrs. B, True ; but at the same time I said that we were ena- 
bled to form a judgment of tbft proportion which bodies bore to each 
other in this respect. Thus it is found that, in order to raise the 
temperature of difierent bodies the same number of degrees, dif- 
ferent quantities of caloric are required for each of them. If for 
instance, you place a pound of lead, a pound of chalk, and a pound 
of milk, in a hot oven, the? will be gradually heated to the tempe- 
rature of the oven ; but the lead will attain it first, the chalk next, 
and the milk last. 

Caroline, That is a natural consequence of their difierent bulks ; 
the lead being the smallest body, will be heated soonest, and the 
milk, which is the largest, will reauire the longest time. 

Jtfr#. B. That explanation will nftt do ; for if the lead be the 
least in bulk, it oflers also the least surface to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

Emilv. Why, then, do not the three bodies attain the tempera- 
tare of toe oven at the same time ? 

Mra> B* It is supposed to be on accoantofthe difilnrent capaci- 
ty of these bodies for caloric. 

Caroline, What do you mean by the eapOBUff of a body for ca* 
loric .^ 

284. Do bodies of a difierent nature heated to the same tempera- 
tare contain egual quantities of caloric ? 

285. What nets iUustrative of this case mentianed of lead, chalk 
andmilk? 
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Jtfrf. B. I moan a certain dispotiiioil of bodies to require more 
or less caloric fbr raising their temperature to any deg^ree of heat. 
Perhaps the fact may be thus explained : 

Let us put as many marbles into this glass as it will contain, and 
pour some sand over them — observe how the sand penetrates and 
lodges between them. We shall nOIr fill another glass with pebbles 
of various forms — you see that they arrange themselves in a more 
compact manner than the marbles, which, being globular, can touch 
each other by a single point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 
glasses will necessarily contain ;nore sand than the other, though 
both of them be equfilfy full. 

Caroline, This I understand perfectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained m them ; and it appears very plain, from this com- 
parison, that one body may admit of more caloric between its par- 
ticles than another. 

Mrs. B. You can no longer be surprised, therefore, that bodies of 
a different capacity for caloric should require different proportions 
of that fluid to raise tbeif temperatures equally. 

En&ly. But I do not conceive why the body that contains the 
most caloric should not be of the highest temperature ; that is tu 
say, feel hot in proportion to* the quantity of caloric it contains. 

Jlfr#. B. The caloric that is employed in filling the capacitv of a 
body, is not free caloric ; but is imprisoned as it were, in the body, 
and is therefore imperceptible : for we can feel only the calonc 
which the body parts with, and not that which it retains. 

Caroline, it appears to me very extraordinary, that heat should 
be confined in a body in such a manner as to be imperceptible. 

•Mrs, B. If you lay your hand on as hot body, you feel only the 
caloric which leaves it, and enters yourhand ; for it is impossible 
that you should be sensible of that which remains in the body. The 
thermometer in the same manner, is effected only by the free calo- 
ric which a body transmits to it, and not at all by that which it does 
not part with. 

Caroline. I begin to understand it ; but I confess that the idea of 
insensible heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs, B, Call it insensible caloric, and the difficulty will appear 
much less formidable. It is indeed a sort of contradiction to call it 
beat, when it is so situated a#to be incapable of producing that sen- 
sation. Yet this modification of caloric is commonly called specif- 
ic HEAT. 

Caroline. But it certainly would have been more correct to have 
called it specific caloric. 



286. What is to be understood by the capacity of a body for ca- 
loric ? 

287. How is this fact explained ? 

288. Why do not bodies that contain most caloric feel hot in pro- 
portion to the quantity of caloric which they contain ? 

289. When a body transmits caloric to a thermomeler, is the 
thermometer affected by what remains in the body ? 

290. Wi^at is the imperceptible heat which bodies contain called ? 



dOBtBlVED CALOtUiS. 71 

Emily * I do not nDderstaadbow the term tpecific oippkestothis 
modificatioD of caloric. 

JIfrf. B» It expresses the relative quantity of caloric which dif- 
ferent species of bodies of tlie same weig-ht and temperature are ca- 
.pable of containing^. This modification is also frequently called 
heal of capacity ^9, term perhaps preferable, as it explains belter its 
own meaning^. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the oven ? 

Emily. Yes : the milk and chalk having a greater capacity for 
caloric than the lead, a greater proportion of that fluid became in- 
sensible in those bodies : and the more slowly, therefore, their tei^- 
perature was raised. 

Caroline But might not this difference proceed from the differ- 
ent conducting powers of heat in these three bodies, since that which 
is the best conductor must necessarily attain the temperature of 
the oven first ? 

Mrs. B, Very well observed, Caroline. This objection would be 
insurmountable, if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead, actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely from their different conducting 
powers, they would each have acquired an equal quantity of caloric. 

Caroline. Certainly. But how can you reverse this experiment ? 

J(fr«. B. It may be done by cooling the several bodies to the 
same degree* in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
equal quantities of water, each at the same temperature, you will 
be able to judge of the relative qoftntity of caloric which the three 
bodies contained^ by that, which, in cooling, they communicated to 
their respective portions of water : for the same quantity of calo- 
ric which thev each absorbed to raise their temperature, will.aban? 
don them in lowering it; and, on examining the three vessels ot 
water, you will find the one in which you immersed the lead to be 
the least heated ; that which held the chalk will be the next ; and 
that which contained the milk will be heated the most of all. The 
celebrated Lavoisier has invented a machine to estimate, upon this 

frinciple, the specific heat of bodies in a more perfect manner ; but 
cannot explain it to you, till you are acquainted with the next 
modification of caloric. 

J^mily. The more dense a body is, I suppose, the less is its capa- 
city for caloric ? 

Mrs. B. This is not always the case with bodies of different na- 
ture;* iron, for instance, contains more specific heat than tin, though 
it is more dense. This seems to show that specific heat does not 
merely depend upon the interstices between the particles ; but 

291. Do all bodies of equal weight contain the same capacity for 
caloric ? 

292. How if the experiment oftbe heated lead, chalk, an' milk 
explained ? 

293. How can we ascertain the capacity of a body for caloric ^ 
294 On what is the capacity of caloric chiefly depending ? 
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probably, alM upon lome peculiar oooftitntioa of the bodies, vbidli 
ire do not opmprehend. 

EmUy. ^ut, Mn. B., it would appear to me more proper to coiA- 
pare bodies bv meoiure^ rather than by v>eighl, in order to estimate 
their M^ific heat. Why, for instance should ire not compare pints 
bf rotik, of chalk, and of lead, rather than pounds of those substanv 
ces ; for equal weights may be composed oi very different quanti> 
ties ? 

Jlfr#. B. You are mistaken my dear ; equal weight must contaiik 
equal quantities of matter ; and when we wish to know what is the 
relative quantity of caloric, which substances of various kinds are 
capable of containing under the same temperature, we must com# 
pare equal weights, and not equal balks, of those substances. Bo- 
dies of the same weight may undoubtedly be of very different di' 
m^sions ; but this does not change their real quantity of matter, 
A pound of feathers does not contain one atom more than a pouikl 
of lead, 

Caroline. I have another difficulty to propose. It appears to m^ 
ibat if the temperature of the three bodies in the oven aid not ris^ 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, per- 
haps, be boiling before the others had attained the temperature of 
the oven. I think you might as well say that, in the course of time/ 
you and I shall be of the same ag^ ? 

Jirs, B Your comparison is notcorrectj Caroline. As soon 9S 
the lead reached the temperature of the oven, it would remain sta-» 
tionarv ; for it would then give out as much heat as it would receive^ 
You should recollect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal : it would be impossible^, 
therefore for the lead to accumulate heat after having attained thet 
temperature of the oven ; and that of the chalk and milk, therefore^ 
would ultimately arrive at the same standard. Now I fear that this- 
will not hold good with respect to our ages, and that as long ast. 
live, I shall never cease to keep my advantage over you. 

Emily. I think that I have found s^ comparison for specific heat«. 
which is very applicable. Suppose that two men of equal weight, 
and bulk, but who required different quantities of food to satisfy 
their appetites sit down to dinner, both equally hungry ; the one 
would consume a much greater quantity of provisions than the oth- 
er, in order to be equally satisfied. 

Mrs, B. Yes, that is very fair; for the quantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner- 
as the quantity of caloric requisite, to raise equally the temperatuie 
of different bodies. 

Emily. The thermometer, then, affords no indication of the spe- 
cific heat of bodies. 

J\Irt. B. None at all ; no more than satiety is a test of the quan- 
' tity of food eaten. Xhe thermometer, as I have repeatedly said, caa 
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295. Why are not bodies compared by measure rather thaa 
weight to estimate their specific heat.^ * 

296. If different bodies have different capacities for caloric, wfa|* 
do they not rise to different temperatures in the same atmosphere f 

297. Does the thermometer ailbrd any indication of the speofi^-' 
beat of bodies ? , 



of boditB* 

Bat liMi«i it nodier node of prarng the-cnsteiiee of specific 
i^vUriif aAtd»a T«nmti8ftBetar]r iflMtatiaa of that modiiicatiQii. 
Tbii, faoirvrar, I did not onlari^e apoD More, ai I thoagbt it oujgl^ 
appear to yoaratlwrcomplioated. If yea nia tiro fluids of difeent 
temperatures, let OS say tiio one at Sddoemai, and the otii^ at 100 
denees, of what temperatare do joa sapposo the mixtare irill be? 

Camlme. Itwittbe, nodoiibtytWiiMdiQmbolirattB^two^tiKt 
h to say, 75 degr^^ees. 

Jlf»v. B. Tint wffl be the case if the two bodies \aippm to have 
the saano capacity for oaforic ; bat tf aot, adiflereBt resoll will foe ob-< 
tamed. Thas, for iostanoe, if yon mix tog^ether a ponad of mercary, 
heated at 50 deg^es, and a poaad of water heated at 100 degrees, 
the temperature of the mixture, instftad of being 75 degrees, will be^ 
do deiprees ; so that the water will hare lost only 12 degrees, whilst 
the merottfT will bare gained 38 derrees ; freat which you will coi^ 
dbde that the capacity of raerenry ror heat is less than that of water. 

CaroHm, 1 wonder that the mercunr should have so little speciflq. 
heat Did we not see it was a mun^ better conductor of heat than 
frater? 

Jl^. B. And it is precisely oa that account that its specific heat 
is less. For since the conductire power of bodies depends^ as we 
bare obserred before, on their readiness to reeeive heat and peil 
with it, it is natural to expect that ttiose bodies whidi are the worst 
conductors should absorb the most caloric before they are disposed to 
|»art witiiit ^ other bodies. But let us now proceed to" l awrt hsat. 

Caroline. And pray what kind of heat is that ? 

JUrt, B, It is another modification of combined caloric* which is 
so analogous to specific heat, that most chemists make no distinction 
between them ; but Mr. Pictet, in his Essar on Fire, has so clearlf 
discriminated them, that I am. induced to adopt his riew of the sub- 
ject. We therefore call Udent heat that portion of insensible paloric 
which is em[^yed in changing the state of bodies ; that m to say, ia 
covnrerting solids into liquids, or liquids into raponr. When a Dod|r 
chanjges its state from soyd to liquid, or from hqoid to vapour, its ex- 
pansion occasions a sudden and considerable increase of capacity 
for heat, in consequence of which it immediately absorbs a quantitr 
of eakiric, which becomes fixed io the body it has transformed ; and,, 
as it is peHectly concealed from our senses, it has obtained the tiame 
of liolbml heat. 

Caroline. I think it would be much more correct to call this mo- 
dification latent caloric inrtead of latent heat, since it does not ex- 
Cite the sensation of heat. 

Jlfr#. B. This modification of heat was discorered and named by 
Dr. Black long before the French chemists inUtiduced the term calo- 
ric, and we must not presume to change.it, as it n stiB used bymiM^ 



996. What other method is meBtioned as proving the existence 

of specific heat? ^ ^ ^ ^ 

299. What will be the result as to temperatuEo, if meeeury heated 

at 50i and water heated at 100 degrees be mixed together? 
900. Why has mercury so little specific heat ? 

301. What is latent caloric ? 

308. What docs the conrersion of a solid to a liquid occasion? 
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better chemiBtBCliaBoanetTei. Bewdii»yim«gB»fttte B ip yet hat 
the natvie of heat is altered by being Farioosly modified : tot ifla- 
t«Dt heat and specific heat do not excite the tameaeuation «8fir«e 
caloric, it is awing to their beings in a itat© of confinemettt, wfaicb 
preFenti them firom acting upon our ornns ; and coDaeqaently, as 
Soon as they are extricated from the body in which they are impri- 
soned, they return to their slate of fifee caloric. 

Emily, But I do not yet clearly see in what respect latent heat 
differs from specific heat; fi»r they are both of them imprisoned and 

concealed in bodies. , . . ^„. ^. 

- JUrt* B. Specific heat is that which is emplo^ m filling the ca- 
pacity of a body for caloric, in the state in which thb body actually 
exists ; whUe latent heat is that which is employed only in effecting 
a change of state, that is, in concerting bodies from a solid to a li- 
quid, or from a liquid to an aeriform state. But I think, that in a 
general point of view, both these modifications might be compre- 
hended under the name of heai of capacity^ as in both cases the ca- 
Joric is equally engaged in filling the capacity of bodies. 
■ I shall now show you an experiment, which I hope will give you 
va clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to you at present,] 
tl^ fiyeor six degrees below the freezing point, as yon will find indi- 
cated by the thermometer which is placed in it. We shall expose 
it to the heat of a lamp, and you will see the thermometer gradually 
lisi, till it reaches the freezmg point — 

'Emily. But there it stops, Mrs. B., and yet the lamp bums just 
as well as before. Why is not its heat communicatea to the ther- 
mometer ? 

Caroline. And the snow begins to melt ; therefore it must be n- 
sing above the freezing point. 

Mr*. B. The heat no longer affects the thermometer, because it 
is wholly employed in converting the ice into water. As the iise 
melts, the caloric becomes hUerU in the new formed, liquid, and 
therefore cannot raise its temperature; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 
' Caroline. Now it is all melted, and the thermometer begins to 
rise again. 

Mrs. B. Because the conversion of the ice into water betne com- 
pleted, the caloric no longer becomes latent; and therefore the heat 
which the water now receives raises its temperature, as you find 
the thermometer indicates. 

Emily. But I do not think that the thermemoter rises soquicUy 
in the water as it did in the ice, previous to its beginning to melt-, 
though the lamp bums equally well. 



sod. What is the consequence if latent and specific heat are ex- 
tricated from the body in which they are imprisoned? 

304. What is the difference between specific heat and latent beat ^ 

305. By what name is it thought they may both be called ? 
3b6a. Why does not the thermometer rise in a warm room when 

its bulb is in a piece of ice? 

306. In what experiment may be seen tbeexistence of latent heat ? 

307. Why does the thermometer begin to rise as soon as the ice is 
melted ? 
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JtfW. B» That is owin^ to the different specific beat of ice an^ 
^flter. The capacity of water for caloric oeing greater than that 
t)f ice« more heat is required to raise its temperature, and therefore 
the thermometer rises slower in the water than it did in the ice. 

Emily » True ; you said that a scdid body always increased its ca- 
pacity mr heat by becoming fluid, and this is an instance of it. 

Jirt, jB. Yes ; and the latent heat is that which is absorbed in 
consequence of the greater capacity which the water has for beat, 
in comparison to ice. 

I must now tell you a curious calculation founded on that consi- 
deration. I have before observed to you, that though the thermo- 
meter shows us the comparatiFe warmth of bodies, and enables us 
to determine the same p'oiut at different times and places, it gfives 
us no idea of the absolute quantity of heat in any body. We cannot 
tell how low it ought to fall by the privation of all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been found by<experiment, that the capacity of water for heat, when 
compared with that of ice, is as 10 to 9 ; so that, at the same tem- 
perature, ice contains one tenth of caloric less than water. By ex^ 
periment, also, it is observed, that in order to melt ice, there must 
oe added to it as much heat as would, if it did not meJt it, raise its 
temperature 140 degrees.* This quantity (^heat is, therefore, ab- 
sorbed, when the ice, by being converted into water, is made to 
contain one ninth more caloric than it did before. Therefore 140 
degrees is a ninth part ofthe beat contained in ice at 30 degrees ; and 
the point of zero, or the absolute privation of heat, must conse- 
quently be 1260 degrees below 32 degrees. f 

This mode of investigating so curious a question is ingenious, but 
its correctness is not yet established by similar calculations for other 
foodies. The points of absolute cold, indicated by this method in va- 
rious bodies, are very remote from each other; it is, however, possi- 
ble, that tins may arise from some imperfection in the experiments. 

Caroline* It is indeed very ingenious — ^but we must now attend 
to our present experimmit. The water begins to boil, and the tiier- 
mometer is afain stationar]^. 

Jtfrff. B. Well, Caroline, it is your turn to explain the phenome- 
Donu 



^ That is, water contains 140 degrees of heat more than is indica- 
ted by the thermometer.— C. 

f This calculation was made by Dr. Irvine. Dr. Crawford after- 
wards placed the real zero at 1500 degrees below the of Fahren- 
heit. Still later, Mr. Dalton has turned his a^ention to the same 
sabject. The mean of his experiments places the real zero 6000 
degrees below the freezing point. All this goes to show that very 
litue has yet been demonstrated en this difficult questioiiii— C. 

308. Why does the thermometer rise slower in the wster than it 
did in the ice? 

309. Since a thermometer does not indicate the absolute quantity 
of caloTic contained in any bodv, what is its use? 

310. How much latent neat aoea water oontaiik ? 

511. How much heat must be added to ice in order to melt it? 
Sit. WhfA wtti ftopuni hy Dr. Crawford^ andbjfDr. DaUm, at 
iofixing (he real zero? 
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Cat^tme* UU voodwfiillf ftUfioils ! Ite^caloric it ww huay io 
f^annog Ibe water into fteaoh in wWeb it bides itseU; ftlvi becooMs 
snsenabte. Tbis is aaotfaer exanple «f lateat beat, produoiiisr a 
cbaneeofform. AtintiteoorertedeioUdbedykiloftkqiud^aBa 
now It toriis tbe liquid imo vaponr ! 

Mr*. B. Ton tee, my deer, boweeflily yon hav« becoiae acqomuit- 
efl iritb these moctificetiowt el imseiisUile beat, wbich at first appeered 
m fi^mteHiyihle. If, now, we were to reverse these chaogea, «*d 
GOndense tlie Tapcmr into water, and the water into ice, the latent 
heat would re-amAr entirely, in the fiurm of free caloric. 

EmOy. Fn^ (to let nssM the e&ct of Intent heat retarniog to it« 

fkee stale. 

Jtfrf. B, For the purpoaeof showingr this, we need simply eeadoct 
the raponr thmrh this tube into this vessel of cold water, where it 
will part with itolatent heat and return to iU liquid form. 

£tm/y. How rapidly the steam heats the water! 

Mri. B. That is becanae it does not merd jimpart its finee caloric 
to the water, but likewise its latent heat. This method of beatincf 
liquids, has been turned to advantage, in serend economical eatsdb- 
lidmientB. The steam kitcbens, which aref ettio|r in to such c^coeral 
use, are u|Km the same principle. The steam is conveyed throng ha 
pipe in a similar meaner, into the several vessds which contain the 
provisians to be dressed, where it coBMnuntcates to them its latent 
oalociG, and returns to the state of water. Count Rumford mdces 
^freat use of this principle in many of has fire-places : his g^rand max- 
im is to avoid all unaecessaiy waste of caloric, for which pui|KMe he 
confines the heat in such a manner* tint not a particle of it snail un- 
necessarily escape ; and while he economises the free caloric, . he 
takes care also to torn the latent heat to advanta^. It is thus that 
be is enabled to produce a deg^ree of beat snpenor to that which is 
obtained in common fire places, thouf h be employs less fndL 

Emily, When the adv^tag^es of such contrivances are. so clear 
todplam, I cannot understood why they are not universally -s^sed. 

JVr«« B. A long time is always required before inuovations, bow- 
ever useftil, can be reconciled with the prejudices of the vulgar. 

Emily* What a pity it is that there sboiud be a prejipidice against 
new inventions; how much more rapidly the world would improve, 
if soch useful discoveries were immeaiately and universally ad6pted ! 

JIfn* B. I bebeve, my dear, that there are as many novelties at- 
tempted to be introduced, the adoption of which wonld be prepidt- 
cial to society, as Ibere are of those which wonld be beneficial to it. 
The well-infermed, though by no means exempt from error, have an 
unquestionable adrantage over tbeilliterate, in judging what is lUte- 
ly or not to prvve serviceable; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
tageous, than the lalter, wbe, barring «o other test of the vakie of a 
noreUy but time and experience, at irst oppose its iotroductiDn. — 



313. What is that heat called which produces a change of fi>rm 
in bodies? 

314. How may bit^t beat ba converted into free calorie P 

315. In what exp^rix^aat may be seen (be eff^t of latent beat re- 
turnup to its free stato ? 

316* Wb^tt is the adravtege af Coaot Rum^^ impro? ed fire- 
places? 
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^fae well-mfiNtned, howerer, are freqilently diftiippomted iA their 
moBt sangoiDC expectations, and the prejudices of the Tulgar, though 
they often retard the progress of knowledge, yet sometiines, it miist 
"he admitted, prevent the propagation o;f error.— But ire are deria- 
tingfrocn our subject. 

We have converted steam into water, and are now to chaise > 
water into ice, in order to render the latent heat sensible, as it es- 
capes from the water im its becoming solid. For this purpose we 
must produce a degree of cold that wilt make water freeze. 

Caroline, That must be very difficult to accomplish in this wann 
room. 

fMrs, B, Not 80 much as yon think. There are certain chemical 
mixtures which produce a rapid change from the solid to the fluid 
state, or the reverse, in the substances combined, in consequence of 
which change latent heat is either extricated or absorbed. 
Emily. I do not quite understand vou. 

J^n, B. This snow and salt, which you see me mix together, are 
meltinr rapidly; heat therefore must be absorbed by the mixture, 
and cold produced. 

Caroime, It feels even colder than ice, and yet the snow is melt- 
ed. This is very OEtraordinary. 

Jdra. B, The cause of the intense cold of the mixture is to be at* 
tributed to the change of a solid to a fluid state. The union of the 
snow and salt produces a new arrangement of their particles, in con- 
sequence of which they become li<|uid ; and the quantity of caloric, 
required to effect this change, is seized upon by the mixture wher- 
ever it can be obtained. This eagerness of the mixture for caloric, 
durinjg^ its liquefaction, is such that it converts part of its own free 
caloric into latent heat, and it is thus that its temperature is low- 
ered. 

Emily, Whatever you put in this mixture, therefore, would 
freeze ? 

J^rs, B, Yes ; at least any fluid that is susceptible of freezing at 
that temperature. I have prepared this mixture of salt and snow 
for the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. 1 have put a thermometer in the 
glass of water that is to be frozen, in order that you may see bow. it 
cods. 

Caroline, The thermometer descends, but the beat which ijthe; 
water is now losing, is its/rae, not its kUenl heat. 

Jtfrf. B, Certainlv; it does not part with its latent heat till it 
changes its state and is converted into ice. . 

Emily. But. here is a very extraordinary circumstance! The 
thermometer has follen below the freezing point, and yet the water 
is not frozen.*^ 



* To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mercu- 
ry sinks below the freezing point. Then agitate the water, or drop 



317. How is latent heat rendered sensible ? 

318. How can water be made to freeze in a warm room ? 

319. Why is a mixture of snow and salt so intensely cold ^ 
320* When does water part with iu latent heat ? 

7* 



7d <:wmvf»9 cumit^ 

ter whea it k in aslihto of ntt. Now it bof iM to omfoal« and tmi 
msj observe that tho thermomter d^tki roos to the fmezkigr poSttt. 

Caroline. It appeara to me Tf it strange that Um thennometer 
should rise the very moment that the water fraeowa; for it aeem* to 
imply that the water was eolto beftire it froxe ten when im tho act 
oftreeziBg« 

Mrt, & If ift so ; and after o«r loi^ disaertalioii on this cirevni- 
stance, I did not think it would appear so surprising to yon. Eeflect 
a lUtle> and I think yon wUl dise«rer the reason of it 

Cktroline. It must be, no doubt, the extrication of latent heat, at 
the instant the water freezes, vif hich raisea the (eraperatuna. 

Jtfr«. B. Certamly ; and if you now exaaune the theimoneter^ 
you will find that its rise was but temporary, aod lasted onfy during^ 
the disengagement of the latent beat*-now that all the water is fro- 
zen it falls again, and will continue to &U till the ice add mixtnre 
are of an equal Cemperatureu 

JBfiit^. And can yon show ns any ezperimeata in which IsqaUs, 
by being mixed, become solid and disengage latent heat? 

Jfrt. B. I could show you several, but you are not yet sufficienliy 
advanced to understand them well, i ^lall, however, try one, which 
will afford von a striking instanoa of the faet The fluid which 
you see in this phial consisis of a()«anti(y of a oertain salt called mu- 
rtafy/tnie,: dissolved in water. Now, if I pour into it a few drops 
of this other fluid, called mUpkuric aady the whole, or very neaiW 
the whole. Will heinstantaaeondy converted into a solid msss. 

Emily. How white it turns » i leel tho latent heat escapingL; fiw 
the bottle is warm, and the fluid is changed to a solid white sab- 
stance like chaUc \* 

Caroline. This is, indeed, the most curious experiment we bare 
seen yet. Bat pray what is that white vapour which ascends horn 
the mixture r ^ 

JJfr*. fl. You are not yet eBongh of achemist to understand that. 
But Uke cares Carotoe, do no not apporoac^ toe near it, for it has a 
very pungent smell. 

I shall show you anothcar instance similar to that of the water, ' 
whieh you observed to beeome warmer »it froze. I have in this 
phial a solution of a salt called sulphat of soda, or Glauber's sah, 
"^^ ^^T strong, and corked up when it was hot, and kept without 

ihl^L?riS?mL1^L^^^^^ '' '"^^-^^ »^-^' -*- ->-tals, and 

f«lT£f "^iir^ !S* *^ itsetronger affinity for the lime, taken it 
fimm the munofce acid, unites with it, and forms mlphate oflime.- 
The solidity is owing to the insolubility of tbis last substance\o im- 
S^nmri^^'"^"* succeeds well, if the water is saturated with 

*"■ ■ — . _i 

,J^\ ^ ^^ T**®"^ become coMer before freezing than it is in 
the act of freezing ? , ** 

322. What example cinyou give of liquids becoming solid, by 
being mixed, and disengaging latent beat ? ^ 

2^* SH'!'^ •/•^* '«^<^omted/ar in ike n^? 



a^gilfttioii titt ft became oold, at yon aiay (^1 tb« pbial is. Nov 
when I take eiit the cork a^d let the air fall upon it, ffbf Magf clo- 
sed when boilipff, there ira» a ▼acuum m the tipper part^) obaerve 
that the salt irill soddenlj cryslallifzei 

CaroHne. Surprising ! hovr beautiffiUy the needles of salt baTe 
shot througb the whole phlal ! 

JIfry. B. Tes, it is very remarkable ^-— bot pray d«not fevget the 
objeet of the esperiment. Fe^ how warm the phial has beoMDe by 
(he oonrer sk>B of part of the liqoid info a solid. 

Emily. Quite warm, I declare ! ihisis a most cnrions experiment 
of the disengaf ement of late»t heat. 

«Mr#. B. Trie slaking of firoe is another remarkable instance of 
the extrication of latent heat. Have yon never observed how qniok- 
Hme smokes when water is ponred upon it, and how much heat it 
produces ? 

Caroline. Tes; bnt I>do not understand what change of state 
takes place in the lime that occasions its giving out latent heat ; for 
the qmek-Iime, which is solid, is (if I recollect right) reduced to 
powder hj this operation, and is, therefore, rather expanded than 
condensed. 

Mrt. B It is from the water, not the lime that the latent beat is 
set free. The water incorporates with, and becomes solid in the 
lime ; in consequence of which the heat, which kept it in a liquid 
state is disengaged, and escapes in a sensible form. 

CaroHiM. I always thought that the beat originated in the lime. 
It seems very strange that water, and cold water too, should con- 
tain so much' heat 

Emily* After this extrication of calorie the water must exist in a 
state of ice in the lime, since it parts with the heat which kept H li- 
quid. 

Mrs. B. It cannot properly be called ice, since tee implies a de- 
gree of cold, at least equal to the freezing point. Yet, as water, in 
combining with lime, gives out more heat than in freezing, it must 
be in a state of still greater solidity in the lime than it is in the form 
of ice ; and you may have observed that it does not moisten or li- 
quify the time in the smallest degree. 

EmUf. But, Mrs. B., the smoke that rises is white ; if it was on- 
ly pure caloric which escaped, we might ffeel, but could not see it. 

Mrs* B. This white rapour is formed by soiti^ of the particles of 
Irme, in a state of fine dust, which are earned off by the caloric. 

Emily. In all changes of state, then, a body either absorbs or 
disengages latent heat ? 

Mrs. B. You cannot exactly say ahsorthf latent hent^ as the heat 
becomes latent only ofa beirfg confined in the body ; but you may 
say, generally, that bodies in passing from a solid to a liquid form, 
or from the liquid state to that of vapour, absorb heat ; and that 
when the reverse takes place heat is disengaged*''' 

*This rule, if not itnirersal, admits of rery few exceptions. 

325. What other instance is neatioQed of the extrication of la- 
tent heat? 

326. Whence proceeds the heat in the slaking of lime ? 

327. Why is the anmkia that risesm the slaking of Ume, white ? 

328. When do bodies absorb heat ? 
When is heat disengaged ? 



n 
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Emily. W^can now, I thiok account for the etberboiliDg^, and 
the water freezing in vacuo, at the same temperature*! 

Jir8» B. Let me hear how you explain it 
. , Emily, The latent heat which the water gave out in freezing, 
was immediately absorbed by the ether, during its conversioB into 
Fapour; and therefore, from a latent state in one liquid, it passes 
into a latent state in the other. 

J^rs, B But this only partly accounts for the result of the ex- 
periment ; it remains to be explained why the temperature of the 
ether, while in a ^tate of ebullitioo, is brought down to the freezing 
temperature of water.— It is, because the ether, during its evapora- 
tion, reduces its own temperature, in Che same proportion as that of 
the* water by converting its free caloric mto latent heat ; so that 
thoughone liquid boils, and the other freezes, their temperatures 
remain in a state of equilibrium. 

Emily. But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Mn. B. The fact is, that it does, though much less rai^ly than 
ether. Thus, for instance you may often have observed, in the heat 
of summer, how much any particular spot may be cooled by water- 
ing, though the water used for that purpose be as warm as the air 
itself. Indeed so much cold may be produced by the mere evapo- 
ration ofVater, that the inhabitants of India, by avaiting themselves 
of the most favourable circumstances for this process which their 
warm climate can afford, namely, the cool of the night, and situ- 
ations most exposed to the night breeze, succeed in causing water 
to freeze, though the temperature of the ait* be as high as 60 de- 
grees. The water is put into shallow earthen trays, so as to expose 
an extensive sur&ce to the process of evaporation, and in the morn- 
ing, the water is found covered with a thin cake of ice, which is 
collected in sufficient quantity to be used for purposes of luxurv. 

Caroline. How delicious it must be to dnnk liquids so cold in 
those tropical climates ! But, Mrs. B., could we not try that ex- 
periment ? ^ 
•Mrs. B. If we were in the country, I have no doubt but that 
we should be able to freeze water, by the same means, and under 
similar circumstances. But we can do it immediately, upon a small 
scale, in this very room, in which the thermometer stands at 70 de- 
grees. For tliis purpose we need only place some water in a little 
cup under the receiver of the air pump. Fig. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no longer be any atmospheric pressure on its surface : 
hut will this be sufficient to make the water freeze ? 
Mrt. B. Probably not, because the vapour will not be carried off 

t See page 65. 



329. Why does water freeze and ether boil in vacuo ? 

330. Why does the ground become cooled by watering in sum- 
mer though the water used be as warm as the air itself ? 

331. How is ice often produced in India, where the temperature 
is not below 60 degrees ? 

332. How is water made to freeze under a glass receiver, as il- 
lustrated in figure 8 ? 



cbHUKKD cuniuc, Hi 

fiutMKMgk; bidlluiwaibeaooatiifliihad wUhont 4ificaltf If we 
introdoce into tbe reoeiT«r, Fig. 8, in ■ nnoar, «r othsr Ivfe A*l- 
la<r vcMel Mne itrong' lulpborio urid, a nibsttAca wbicb ttu a 
«M*t Attraotiea for waur, wbethor in Ibefomof TuonTorin tke 
liqaid tlate. Tbii attnction ii gsch (bat tbe icid will imtantly a(f 
sorb tbe moiatnre at it risoa from tbe water, m a* to make room for 
Fig. 8. 



tbefemattMiaffreabrapaiir; tbii <rill of eonrae baited tbe pro- 
ceM, and Itie ceM prodncttl fh>m the rapid eTBporatioD of the (ra- 
ter, will in B few miaatM, be inffieient to IVeeze i(s inrface.* We 
shall now exhanit the air from the receirer. 

Etnilt/, TlMMKidi of small babbles already arise tbroagb Uw 
water Ooia the interml snrfaoa of tbe cnp ; wbat is tbe reason irf 
this? 

Xn.B. TheKare bubblesof air which were parti; attached to 
the ressel, and partly diffnsed ia tbe water itself; and tbey eipand 
asd rise in conseqamiftoftbeatnKiapliericpreaBnre being- removed. 

Canine. See, Mr*. B. ; the tberinoiiieter in tbe cup ii sinkiDg' 
fast ; it faei alread; detceaded to 40 degrees ! 

RmUy. Tbe water now and tben Tnleiidy afitated oa the ani&ce 
a« if it were boiling ; and jtX tbe tberrooiDeter ii desoending hA t 

Mrt. B- Ton ma^call it boUiag, if yon please, for tbii appear- 
ance isuwell as boUii^, owing to tbe rapid liirTBation of Tapoar: 
bnlbere, as jon hare jnst observed, it takesplaoefrMD tbe surface, 
for it is only when beat i* applied to the bottom of (be * eesel that tb« 
vapour ii fenned there.— Now crystals of io« a le aatnallj shooting 
all orerdwiitrbce oftbewatar. 



333. When tbe air is exhaosUd frotn the noeirer wby do bab- 
. blMriiethRM|htlM#attrfroiBtbaiDtn«Klsarfcoa«f thecnp; 
33t Wbydoaa tbe water appear a* if it were baUinc? 
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Caro&u- How besntifnl it ia : The larbce is now enlittij tro- 
MO— but the tbernonieler reniBiiit at ^ iegree*. 

Mrt. B And so it will, coafonDablj irilb oar doctrine of Isteitl 
beal.tiiilil Ibe nbole of the water ii frozen ; but it will tfaen again 
btgiD to descend lower and lower, in coniequence of tbe erapon- 
tion which soet on from tbe «ir&ce.orthe ice. 

Emily- Thia n a most ialerestiuK experiment ; bnt it would be 
still more strikiDg if no salpbaricacid were required. 

Mri- B. I wLlTshaw jou a freezing uulrnment, coDtrived by Dr. 
Wolla>(at), npon tbe same principle u Mr. Leslie's experiment, by 



estremity by abulb, one 7^' '■■ " ■ ■' . — ■ m 'li.i 

ofwhichiihalfruUofwa- S /"S 

ter.iiintenialljpBrfectlj W Vy/ 

exbuiBted of air : thecoo- 

auence of this is, that the water in tbe bulb i« alwayi muchdiapo- 
toeraporate. This eraporation, bowerer, does not proceedsuf- 
ficiently. fast to freeze the water ; but if tbe emply baR be cooled 
bj some artificigl means, so as to condeDaeqaioU]' tbe vapotir which 



leems to perform liern 
(be same part which tb 
salpburic acid acted i 
Mr. Leslie's ciper 



•Emib/. Howwillyo 
cool the inatrnmenl 
You have neither ic 

Mn B Tme j be 
we hare other TueaDs 1 
effecting this.* Yenn 

collect what an inteBi , 

cold can beproJucedtj 

the era poralion of ether hi, 3. (Pi(- tO}. i>t.N>nii-iai4aaririita'Cim>^ 
in aii exhausted receir- ™- B". '■■^*. >k«i*mi|Kn •#!»*. s. 

er. Weehaltinckoethe iMmw"". 



* This mode ormakioc tbe ezpericMnt waa proposed, tod the 
psrticulin detailed, bj Dr. Marcet, in the 34th vol. of NichtdwoH 
lioornal, p, 119. 

335. HowloDgin this experiment willdietlieniHneter remaiD 
at 3! d^rees, or at tbe freezing; point f 

336. Why will it begin and coDtiDiietadeeoeiidMMMiu all the 
trater is frozen ? 

331. Wbatb tbe object of ^iM 1, X, titdS^ 



balb ia (bblitte ba^of iae iMuel, (Fig. U) tli«i soak it In «tiier» 
and introdaoe it into the reoeirer of tbe air pomp. (Fig. 3.) For this 
purpoie we iball find it more coDTenient to use ^cryophoras of this 
sbapoi l&g* 2.J as its eloogated bulb passes easily through a brass 
plate iniich closes the top of the receiver. If we now exhaust the 
reoeiFer duickly, you will see in less than a minute, the water 
freeze in me other oulb out of the receiver. 

Emily. The bulb already looks quite dim, and small drops of wa- 
ter are condensing on its surface. 

Carolme. And now crystals of ice shoot all over the water. This 
is, indeed, a very curious experiment ! 

Mrs. B, Tou will see, some other day, that, by a similar method, 
even quicksilver may be frozen. —But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject of heat, I may now give 
you an account of the calorimeter, an instrument invented by La- 
voisier, upon the principles just explained, for the purpose of esti- 
mating the specific heat of bodies. It consists of a vessel, the inner 
surface of which is lined with ice, so as to form a sort of hollow globe 
of ice, in the midst of which the body, whose specific heat is to be 
ascertained, is placed. The ice absorbs caloric from this body, tiU 
it has brought it down to the freezing point ; this caloric converts 
into water a certain portion of ice which runs out through an aper- 
ture at the bottom of the machine ; and the quantity of ice changed 
to water is a test of the quantity of caloric which the body has g^ven 
out in descending from a certam temperature to the freezing point. 

Caroline. In this apparatus, I suppose, the milk^ chalk, and lead, 
would melt different quantities of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrt. B* Certainly : and thence we are able to ascertain, with 
precision, their respective capacities for beat. But the calorimeter 
affords lis no more idea of the absolute quantity of heat contained 
in a body, than the thermometer: for though by means of it we 
extricate both the free and combined caloric, yet we extricate 
them only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either below that point. 

Emily According to the the theory of latent beat, it appears to rae 
that the weather should be warm when it freezes, and cold in a thaw ; 
for latent heat is liberated from every substance that it freezes, and 
such* a laige supply of heat must warm the atmosphere ; whilst du- 
rinf^ a thaw, that very quantity of free heat must be taken from the 
atmosphere and return to a latent state in the bodies which it thaws. 

JIfn. B. Your observation b very natural : but consider that in 
a frost the atmosphere is so much colder than the earth, that all the 
cakiric which it takes from the freezing bodies, is insufficient to raise 
its temperature above the freezing point ; otherwise the frost must 
cease. But if the quantity of latent heat extricated does not destroy 
(he frost, it serves to moderate the suddenness of the change of tem- 
f 

338. Can quicksilver be firozen ? 

339. What is the calorimeter, and what is its use ? 
340 Of what does it consist .' 

34t. Does the calorimeter indicate the absolute quantity of heat 
•contained in a body ? 

S4t. What effect is produced on the temperature of the atmos.- 
j^here, by the extraction of latent heat from the winter fh)sts ? 
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p<wftri of tto mtttoiphtw, >l tht imiiMMmiiiw* bptk of ftort: tafl 
efaChaw. In tho fait iattiace, if OKtricBtioa iWminiihw tiw 
ity of tho cold ; aad, ttt die latter, Mi absorpCioB 
irafniCli oeoaiioBed br a tiMMF ; it area loaietinMi 
cwoiblo chUl, at tiM Vreakmf ii|> of fitNt« 

CmrdHne, Bat what are the general eamet that produoe thoae 
sudden changes in the weMher, espeeially from hot to eold» wldci 
we often experience f 

Jin. B. This qvesiion would lead ns into meteoroiogieal dieeoB- 
siens, to which I am by no means competent One ciroamstnaoe, 
howerer, we can easily understand. When the air has passed orer 
cold eountries, it will probably arrive here at the tempentnre noncb 
below our own, and tMn it must absorb heat from erery objeet it 
meets with, which will produce a general fall of temjeratsre. 

CaroUne, But pray, now that we know so mnoh or the eActa oi 
heat, win yon inform us whether it is realljr a distinct body, or, at I 
have beard, a peculiar kind of motion produced in bodies f 

Mn. B. As I hare before told yon, there isj^t much nnoer* 
tainty as to ttie nature of these subtile agents, out I am incline^ 
to consider heat not as mere motion, but as a separate sobstanoer 
Latfr experiments, too, appear to make it a compound body, onar 
ststing of tbe two electricities ; and in our next conversation I Aall 
inform you of the principal focts upon which that opinion is foonded.. 



CONVERSATION V. 

ON THE CHEMICAL AGENCIES OP ELECTRICITY.* 

Mrt. B. Before we prooeed further, it will be necessary to gtre 
you some account of certain properties of elsctricity, whioh haw 
of late years been diseorered to have an essential connexion wiA 
the phenomena (^chemistry. 

daroUne. It is blectricitt, if 1 recollect right, whieh comor 
next in our list of simple substances ? 

JUn.B. I hare placed electricity in that list, rather from the nfr- 
bessitr of classing it somewhere, tlnui from any conviction that it bss' 
a riglit to that situation ; for we areas yet so ignorant of its intimats 
nature, (hat we are unable to determine, not only whether it is sim- 
ple or oemponnd, but whether it is in fact a material a^ent ; or, as 
Sir H. Dary has hinted, whether it may not be merely a property 
inherent in matter. As, .howerer, it is necessary to adopt some 
hypothesis for the explanation of the discoveries wbHsh this agent 
bas enabled us to maxe, I have chosen the opinion, at present most 
prevalent, which supposes the existence of two kinds of electrieity, 
distinguisbed by the name otpontiw and negaiwt electricity. 

*The electricity extricated by the metals is commonly caUefl 
Oalvamtm. 

343. What is heat now supposed to be ? 

344. What subject is to be considered in this conversation ? 
34& What are theuneertauties as to the nature of electricity ? 

346. How many kinds of electricity are there? 

347. What are they called ? 
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^ daroUae. Well, I nhnt confess, I do not feel neatly so interesteii 
(o a science in which so much uncertainty preyaifs, as in those 
vhiob rest upon established principles. I never was fond of elec- 
trioitjT, because, however beautiftit and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me so various, so obscure and inadequate, that I sdways 
i^mained dissatisfied. - I was in hopes that the new discoveries in 
electricity had thrown so g^reat a lig^ht on the subject, that every 
tbinff respecting it would novf have been clearly explained. 

Jorv. B- That is a point which we are yet far from having attain*, 
ed. But, in spite of the imperfection of our theories, you will be 
amply repaid by the importance and novelty of the subject. The 
number of new facts which have already been ascertained, and the 
immense pvospect of discovery which has lately been opened to us, 
Will, I hope, ultimately lead to a perfect elucidation of this branch of 
natural science ; but at present you must be contented with study- 
ing the effects, and in some degree explaining the phenomena, with- 
dut aspiring to a precise knowledge of the remote cause of electricity 
You have already obtained some notions of electricity : in oar 
present conversation, therefore, I shall confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first gave rise 
to this new branch of physical science. Galvani, a professor of nat- 
tiral philosophy at Bologna, being en|faged (about twenty years ago) 
fn some experiments on muscular imtability, observed, that when a 
piece of metal was laid on the nerve of a frog, recently dead, whilst^ 
the limb supplied by'that nerve rested upon some other metal, the 
limb suddenly moved, on a communication being made between the 
two pieces of metal. 
Emily, How is this communication made ? 
JUn.B. Either by bringfing the two metals into contact, or by 
connecting tbem by means of a metallic conductor. But without 
sobjecting a frog to any cruel experiments, I can easily mdre you 
sensible of this kind of electric action. Here is a piece of zinc, 
(one of the metals I mentioned in the list of elementary bodies) — 
put it ufu/tfr your tongue, and this piece of silver upon your tongue, 
and let both the metaJs project a little beyond the tip' of the tongue ;. 
— very well ; — now make the projectin|^ parts of the metals touch ' 
each other, and you will instantly perceive a peculiar sensation. 

Emily* Indeed I did ; a singular taste, and I tiiink a degree of 
heat ; but I can hardly describe it. 

Mr$,B» The action of these two pieces of metal on the ton^e is, 
I believe precisely similar to that made on the nerve of a mg, t ' 
shall not detain you by a detailed account of the theory by which 
Galvani attempted to explain this fact, as it was soon overturned. 

348. What ii the difference between eUdriafy a$id Oalf^^ 

349. From whom okI Galvanism receive its name ? 

350. What gave rise to the branch of physical science calleA 
Galvanism ? 

351 . What simple experiment is raentioiied| tliat can be made np- 
dn the tongoe to illustrate this subject ? 

8 
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Itr MilMMnitiit «xp«riMiitf, which ptmtA thid IWtwjfait ( A#naiiic 
ifo new power had obtwned) wm nothing more than ^tncrty. 
GMvani suppoaed that the virtne of this oew agent mioed ui ^ 
nerres of the frog ; but Voha, who pnmented th» whject with 
much greater success, showed that the phenomena did not depend 
on the organs of the frog, bnt upon the eleotrieal arency of the 
metals, which is excited by the moisture of the anmal, tiie organs 
of the frog being only a delicate test of the presence of electric in- 

flaence. 

Caroline. I suppose, then, the saliva of the mouth answers the 
same purpose as the moisture of a frog, in exciting the eleetncitj 
of the pieces of siWet and zinc with which Emily tried the experi- 
ment OD her tongue ? 

Jdrs, B. Precisely. It does not appear, howerer, necessary that 
the fluid used for this purpose should be of animal nature. Water, 
and acids rery much diluted by water, are found lo be the most ef- 
fectual in promoting the derelopement of electriciW in metate; and 
accordiagly the original apparatus which Volta nrst constructed 
for this purpose consisted of a pile or succession of plates of sine and 
copper, each pair of which' was connected by pieces of cloth or jn- 
per impregnated with water; and this instrument, fVom its origmal 
mconrenient structure and limited strength, has gradualhr arrired 
at its present state of power and improrement, such as exhibited in 
(he Voltaic battery, lo this apparatus, a specimen of which yon 
see be£ore you, 
tiie plates of zinc 
and copper are 
soldereatogetherj 
in pairs,each pairj 
bemg placed at 
regular distances 
in wooden troughs 
and the intersti- 
ces being filled 
with fluid. 



Fig. 11. 

VelUie Battery. 
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Caf oline. Though you will not allow us to inquire into the pre- 
cise cause of electricity, may we not ask in what manner the fluid 
acts on the metals so as to produce it ? 

Mrt* B. The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chemical action, or whether it is produced 
by the contact of the two metals, is a point upon which philoso- 
phers do not yet perfectly agree. 

Emily. But can the mere contact of two metals, without any in- 
terremng fluid, produce electricity ? 

Mrs.B* Tes, if they are afterwards separated. It is an establish- 

35^. How did Gralrani account for the moving of the limb on a 
comimuication being made between the two metab? 

353. W^hat was the true cause of it ? 

354. What metals are used in the production of galranic action I 

355. Which figure represents a Voltaic battery .' 

356. Can galvanism be produced without water ? 



ed fact that vhen two laeUU are put in contact, and aftertrai^ds Mp- 
arotod, that which has the strongest attraction for oxygen exhil^ 
aignaofpositiFe, the other o^ n^^tiye electricity. 

Qurotine. It seems, then, but Reasonable to infer that the power 
of the Voltaic battery should arise from the contact of the plates of 
zinc and copper. 

. Mrs. B. it is upon this principle that Volta and Sir H. Davy ex- 
plain the phenomena of the pile; but notwithstanding these two 
great authorities, many philosophers entertain doubts on the truth 
of this theory. The chief difficulty whicb occurs in explaining the 
phenomena of the Voltaic battery on this principle, is that two 
such plates show no signs of different states of electricity whilst in 
contact, but only on being separated after contact. Now, in the 
Voltaic battery, those plates tnat are in contact always continue so, 
bein|^ soldered tf^ther ; and they cannot, therefore, receiye a suc- 
cession of charges. Besides, if we consider the mere disturbance 
of the balance of electricity by the contact of the plates, as the sole 
canse of the production of Voltaic electricity, it remains to be ^ 
. explained how this disturbed balance becomes an inexbaustihle 
source of electrical enerjgfy^ capable of pouring forth a constant uod 
copious suj^ply of electrical fluid, though without any means of re» 
plenishing itself from other sources. This subject it must be own- 
ed, is inyolred in too much obscurity to enable us to speak very de- 
cidedly In favour of any theory. But, in order to ayoid perplexing 
you with different explanations. I shall confine myself to one which 
appears to me to be least encumbered with difficulties, and most 
lively to accord wkh truth.'*' 

This theory supposes the electricity to be excited by the chemic- 
al action of the acid on the zinc ; but you are yet such noyices in 
chemistry, that i think it will be necessary to giye you some pre- 
vious explanation of the nature of this action. 

All metals have a strong attraction for oxygen ; and this element 
is found in great abundance, both in water and in acids. The ac- 
tion of the diluted acid on the 2inc consists, therefore, in its oxygen 
combining with it, and dissolving its surface. 

CandiM, In the same manner, I suppose, as we saw an acid dis- 
solve copper? 

Jlfr#. B. Yes ; but in the Voltaic battery the diluted acid is not 
strong enough to produce so complete an e&ct ; it acts only on the 

* This mode of explaining the (toiomena of the Voltaic pile k 
called the chunccU theory of electricity, becanae it aacribes the 
cause of these phenomena to certain chemical changes which take 
place durinp^ their appearance. The mode which is here sketched 
was long since sug^ted by Dr. Bostock, who has lately (1818) 
published << An account of the History and Present Stale of Galyan- 
ism ;'* which contains a fuller and more complete statement of his 
opinions and those of other writers on the subject, ti^an any of his 
former papers. 

367. What established ihct in galvanic experiments is mentioned ? 

353. What two chemists have explained the phenomena of the 
Voltaic Battery, as praoeeding aoldy from the contact of the two 
metals? 

359. For what have all metals Btroii^ attracfioii ? 
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^r&ce of the zinc, to which it yields iti oxygen, forming^ upon it 2 
wm or crust, which is a compoand of the oxygen and the metal. 

EnUly> Since there is so strong a chemical attraction between 
oxygen and metab, I suppose they are naturally in different slates 
ofefectricity. 

J^rs, B. Tes ; it appears that all metals are united with the pos^ 
it^ve,and that oxygen is the grand source of the negatire electri- 

HaroliM. Does not, then, the acid act on the plates of copper, as 
veD as on those of zinc f^ 

Mrs. B. No : ^ for though copper has an affinity for oxygen, it is 
less strong than that of zinc ; and therefore the energy of the acid 
is only exerted upon the zinc. 

It will be best I believe, in order to render the action of the Vol- 
taic battery more intelligible, to confine our attention at first to the 
effect produced on two plates only. (Fig 12.) 

If a plate of zinc be placed opposite to one of copper, or Fig. 12. 
any other metal less attractive of oxyg^en, and the space ^•^'Uj^ *•»" 
between them (suppose of half an inch in thickness,) be fil- ^* 
led with an acid or any fluid capable of oxydating the zinc, -^ 
the oxydated surface will have its capacity for Electricity 
diminished, so that a quantity of electricity will be evolv- 
ed from that surface. This electricitj^ will be received 
by the contiguous fluid, by which it will be transmitted to 
the opposite metallic surface, the copper, which is not ox- 
ydated, and is therefore disposed to receive it ; so that the 
copper plate will thus become positive, whilst the zinc 
plate wiU be in the negative state. 

This evolution of electrical fluid, however, wUl be very 
limited ; for as these two plates admit of but very little ac.- 
cumulation of electricity, and are supposed to have no communica- 
tion with other bodies, the action of the acid, and further develop- 
ment of electricity, will be immediately stopped. 

Endly. This action, I suppose can no more continue than that 
of a common electrical machine, which is not allowed to communi- 
cate with other bodies ? 

jiirs, B. Precisely : the common electrical machine when exci- 
ted by the friction of the rubber, nves out both the positive and neg- 
ative electricities. — (Fig. 13.) The positive, by the rotation of the 
glass cylinder, is conveyed into the conductor, whilst the negative 
ffoes into the rubber. But, unless there is a communication made 
Between the rubber and the ground, a very inconsiderable quantity 

* The acid acts upon the copper, but not so strongly as on the 
zinc. Any two metals, one of which has a stronj^r attraction for 
oxygen than the other, will form theg^vaoic senes.— C. 




360. What is the grand source of negative electricity ? 

361. Why in the Voltaic battery is the energy of the action ex- 
erted only upon the zinc ? 

362. ifow would you explain the principal of the Voltaic battery 
by Fig. I? ? 

363. How would you describe the mode of collecting electricity 
in the common electrical machine ? 

364. Why must the rubber be connected with the ground \ 
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t^eleotrioitjTOMi be excited; for tke rubber like the plMesortlie 
battel^, ha» too amall a eapaoity to ado^t of aa accamulatioii df 
electricity. UoleaB tbererore, tiie electricity can pan eat of the 
rubber, it will not contiDue to go into it, and, Consequently, no ad- 
ditional aocatnniatioa will take place. Now, as one kind of elec- 
tricity cannot be ^venont without the other, the developement of 
the positive electncitj is stopped as well as that of the nmtiye, and 
the conductor, therefore, cannot receive a succession ofcbarres. 
Fig. 13. fflectrical Machine. 




Fi|r- 13* -^1 tbe Cyliodsr* B, the Conductor. R, the Rubber. C, the Chain. 

CaroliM> But does not the conductor, as well as the rubber, re- 
quire a communication with the earth, in order to get rid of its elec- 
tricity f 

Mrs. B. No : for it is susceptible of receiring and containing a 
considerable quantity of electricity, as it is much larger than the 
rubber, and therefore has a greater capacity ; and this continued 
accumulation of electricity in ahe conductor is what is called a 
charge. 

EmUy. But when an electrical machine is furnished with two 
conductors to receire the two electricities, I suppose no oommmu- 
nication with the earth is required ? 

Jdn. B. Certainly not, until the two are fully charged ; for the 
two conductors will receire equal quantities of electricity. 

Caroline* I thought the use of the chain had beed to conrey 
the electricity /rom the ground into the machine. 

Jilrs. B. T!aaX was the idea of Dr. Franklin, who supposed that 
there was but one kind of electricity, and who by the terms posi- 
tive and negative (which he first introduced,)meant only different 
quantities of the same kind of electricity.* The chain was in that 

*Tfae idea of Dr. Franklin was, that the positive state consisted 

365. What is called a charge in the use ofthe common electrical 
machine ? 
J366. Whal was Dr. Franklin's opinkm ooncenrng electricity r 
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C9B9 supposed to convey electricity from the gromid throagb th«r 
rubber into the conductor. But as we hare adopted the hvpolbesis 
of two electricities, we must consider the chain as a Tehicie to csoo- 
duct the neflTAtive dectricity into the earth. 

Emily, And are both kinds prodaced whenerer electricity is ex- 
cited ? 

Mrs, 1$. Tes, invariably. If you rub a tube of i^lass with a wool- 
, len cloth, the glass becomes positive, and the cloth negative.* I A 
on the contrary, you excite a stick of sealing wax by the same means, 
it is the rubber which becomes positive, and the wax negative. 

But with regard to the Voltaic battery, in order that the acid naay 
act freely on the zinc, aod the two electricities be given out without 
interruption, some method must be devised, by which the plates may 
part with their electricities as fast as they receive them. — Can you 
think of any means by which this might be effected ? 

Emily, Would not two chains or wires, suspended from either 
plate to the ground, conduct the electricities into the earth, and thus 
answer the purpose ? 

Jdrt, B. It would answer the purpose of carrying off the electri- 
city, I admit ; but recollect, that though it is necessary to jGod a 
vent for the electricity, yet we must not lose it« since it is the pow- 
er which we are endeavouring to obtain. Instead, therefore, of 
conducting it into the ground, let us make the wires, from either 
plate, meet ; the two electricities will thus be brought together, and 
will combine and neutralize each other ; and as long as this com- 
munication continues, the two plates having a vent for their respec- 
tive electricities, the action of the acid will go on freely and unin- 
terruptedly. 

Emily, That is very clear, so far as two plates only are concern- 
ed ; but I cannot say I understand how the energy of the succes- 
sion of plates, or rather pairs of plates, of which the Galvanic trough 
is composed, is props^tcd and accumulated thoughout a battery ? 

in the presence, or accumulation of the electric fluid, and that the 
negative was merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and ne^tive. In 
this chapter Mrs. B. has used these terms of the A.merican Philoso- 
pher improperlv, for plus and minus were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted Dufay's theory of two electricities, they 
have used the terms, vitreous 9.nd resinous.— C 

* Most probably, because the glass takes the electric fluid from 
the cloth. Indeed, we conceire there is about the same reason for 
believing that the negative state is the absence of the electric fluid 
as there is for believing that cold is the absence of heat*— C. 
' ■ ■ 

387. What is the use of the chain in the common electrical ma- 
chine ? 

368. Are negative and positive electricity always produoeft when 
electricity is excited? 

369. What is necessary in the Voltaic battery, that the two elec- 
tricities be given out without interruption? 

370. In what manner do two pieces of wire produce this effect f 
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Mri. B. Tn order to ihow jon hmr tba iatentity of the elecbi- 
citT ■■ iacreued by increani)^ tbe number of pUtM, wb will ei- 
anune the action of Ibur plates i if 70a nnderttand theae, yoD will 
TD^dilr colQpreheud that of inj Dumber whatever. 

Fig. 14 VoiuicBalleij. 

In this figure you will obserre that the . 

two ceetral plales are united : tbey ai 
soldered loyether,, (as we obseried i 
dncribiD^ the Voltaic trough,) so as I 
form but ooe plate, which oSerB two di 
JercDt surfaces ; tbe one of copper, tl 
other of zioc. 

Now you recollect, that, in explaiuii 
the action of two plates, wo supposi 
thataquanlity of electricity was erolvl 
from tbesur^e of the first ziac plate, 
consequence of tbe action of I be acid, at 

wa»con»ejedbythe inlePposcd fluid to the copper plate No. 2,whic(i 
thus became positive. This copper plaie comiauDicateB its electri- 
city to the contigiaus zinc piate. No. 3, in which, conaequeotly, 
eome accumulation of electncily takes place. When, therefore, (he 
fluid in the next cell acts upon the zinc plate, electricity is extricated 
from it in larger quantity, and in a more cooceotrated form, than 
i}efDre. This concentrated electricity is a^in conveyed by thefluid 
to tbe next pair of plates, No. 4 and 5, when itia furUier increased 
by the action of the Quid in tbe third cell, and hi on, to any number 
of plates, of which the battery may consiet ; so Uiat (he electrical 
energy will continue to accumulate in proportion to the number of 
donhle plates, the first zinc plate of tbe series being the most negia- 
tive, 9ud the last copper plate (he most piHitire. 

Caroline. But does the battery become more and more strong 
dnraed, merely by being- allowed to stand undisturbed P 

J^i. B. Jio: for the action will soon stop, as was eiplaiaed be- 
fore, unless a rent he giren to the accumulated electricities'. Tbii 
is easily done, however, by establlsbiog a communication' by-means 
flfthe wires (See Fig. 11.) between the two ends of the battery : 
these being brought into contact, the two electricities meet and 
neutralize each other, producing the shock and other effects of elec- 
tricity: and the action goes no with renewed energy, being no 
ItKiger obstructed by the accumulation of the two electncities wbicb ' 
impeded its prtsreas. 

Emiiy. Is it (lie union of the two electricities which produces (he 
electric spart ? 

Jtrt. B. Yes ; and it is, I believe, this circumstaooe, which gave - 
rise to Sir H. I)avy's opinion, that caloric may be a compouod of 
tbe two electricities. 

Caroliat. Tet, surely, caloric is very different from the electrical 



S7I. How would you expluD figure 14! 
379. How would you explain figure U, which represente Ute 
Voltaic batterr, w as to produce the electric spark f 
-- -VhatdooiSi ''"'- .---.- 
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for the heat of the electrio spark ii oooiiderably more lateDse 
tlioaipb ooofined to a very minute spot^ than any heat we can pro- 
dnce by other means. 

Emily. Is it quite cerUin that the electricity of the Vc^taic bat- 
tery is precisely of the same nature as that of the conmion electrical 
machine? 

Mrs. B, Undoubtedly : the shook ^ven to the human body, the 
spark, the circumstance of the same substances which areeondiict' 
ors of the one being also conductors of the other, and of those bodies, 
such as glass and seaUng-waz, which are non-conductors of the one, 
being also oon-conductors of the other, are striking proo6 of it. Be- 
sides, Sir H. Davy has shown, in his Lectures, ihat a Leyden jar, 
and a common electric battery, can be charged with electricity ob- 
tained from a Voltaic battery, the effect produced being perfectly 
similar to that obtained by a common machine. 

Dr. Wollaston has likewise proved that similar chemical decom- 
positions are effected by the electric machine and by the VoltaiG 
battery ; and has made other experiments wbich render it highly 
probable, that the origin of both electricities is essentially &e same, 
as they show that the rubber of the common electrical machine, like 
the zinc in the Voltaic battery, produces the two electricities by 
combining with oxygen. 

Caroline. But I do not see whence the rubber obtains oxygen, ibr 
there is neither acid or water used in the common machine ; and I 
always understood that the electricity was excited by the friction. 

Mrs. B. It appears that by friction the rubber obtains oxygen 
firom the atmosphere, which is partly composed of that element. The 
oxygen combines with the amalgam of the rubber, which is of a 
metallic nature, much in the same way as the oxygen of the acid 
combines with the zinc in the Voltaic battery, and it is thus that 
the two electricities are dtsengs^ed. 

Caroline. But if the electricities of both machines are similar, 
why not use the common machine for chemical decompositions ? 

JUrs. B. Though its effects are similar to those of the Voltaic 
battery, they are mcomparably weaker. Indeed, Dr. Wollaston, in 
using it for chemical decompositions, was obliged to act upon the 
most minute quantities of matter, and though the result was satisfac- 
tory in proving the similiarity of its effects to those of the Voltaic 
battery, these effects were too small in extent to be in any coasider- 
ble degree applicable to chemical decomposition. 

Caroline, How terrible, then, the shock must be from a Voltaic 
battery, since it is so much more powerful than an electrical ma- 
chine ! 

Jirs, B. It is not nearly so formidable as you think ; at least it is 
> ■ — —~ — » ■ — _— _ — .*.^____ 

374. How does the degree of heat in the electric spark oempare 
with that produced by other means ? 

375. What proves that the electricity of the Voltaic battery is of 
the same nature as that of the common electrical machine ? 

376. How do the rubber of the common electrical machine and 
the zinc In the Voltaic battery produce the two electricities ? 

377. How does the rubber obtain oxygen, in the use of the com- 
mon electrical machine ? 

378. Why is not the common electrical machine used fat chemi- 
cal decompositions? 
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l>y oo means proportional to tbe oiieniical effect. The great lu- 
periorilT of the Voltaic battery consists in the large ^uiniUy of dec* 
tricity that passes ; but in regard to the rapidity or intemUy of the 
charge, it is g^reatly surpassed by the common electrical machine. 
It would seem that the shock or sensation depends chiefly upon the 
intensity; whilst, on the contrary, for chemical purposes, it ia 

auantity which is required. In tbe Voltaic battery, the electricity, 
lODgh copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma* 
chine will pass through any space of water. 

Caroline Would it not be possible to increase the intensitj^ of 
the Voltaic battery till it should equal that of the common machined 
JHys, B, It can actually be increased lilt it imitates a week elec* 
trical machine, so as tor produce a visible spark when accumulated 
in a Leyden jar. But it can never be raised sufficiently to pass 
through any considerable extent of air, because of the ready com- 
munication through tbe fluids employed. 

By increasing the number of plates of a battery, you increase its 
intentUyy whilst, by enlarging the dimensions of toe plates, you aug* 
mentits quantity ; and as the superiority of, the battery over the 
common machine consists entirely in the quantity of electricity pro^ 
duced, it was at first supposed that it was the size, rather than tbe 
number of plates that was essential to the augmentation of power. 
It was, however, found upon trial, that the quantity of electricity 
);>roduced by the Voltaic battery, even when of a very moderate 
size, was sufficiently copious, and that the chief advantage in this 
apparatus was obtained oy increasing the intensity, which, how- 
ever, still falls ver]^ far short of that of the common machine. 

I should not omit to mention, that a very splendid, and, at the 
same time, most powerful battery, was, a few years ago, constructed 
under the direction of Sir H. Davy, which be repeatedly exhibited 
in his course of electro-chemical lectures. It consists of two thou- 
sand double plates of zmc and copper, of six square inches in di- 
mensions, arranged in trougfhs of Wedgwood- ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for lifting the plates out of them in a very convenient 
and expeditious manner.* 

* A model of this mode of construction is exhibited in (Fig. 15.) 
Note. In consequence of the discoveries of Prof. Hare, of Phila- 
delphia, the present theory of galvanism must probably undergo a 
radical change. This gentleman has invented a new method of ex- 
tricating the Voltaic influence, by so connecting the plates, that in 
effect only two g^reat sur&ces of the metals are presented to each 
other. By this arrangement, the galvanic action on different sub- 

379. In what dges the superiority of the Voltaic battery consist ? 

380. In what respect does the common electrical machine surpass 
the Voltaic batlery ? 

381. What is the difference in the action of the Voltaic battery, 
whether the number of plates it increased or their size is enlai|;eci ? 

38^ How extensive was the large battery constructed by Sir H. 
Davy? 

383. What American ehemiH hat disUtiguished himself by dUco- 
veriei in ffahaninn ? 



Camme- Wen, now that wa niilantud the atlan ot the BOtiaa 
tt the VtitaK batterf , I loo^ to hear an account of the chwtcal 
ditcoreriea to which it hu ^rea hm. 

Mri.B. Toomiut rertniQ j(Hirim()atteiioe,Bi7de>r,fbrIcai)iiot 
vitb anj pmprietf introdace the lubject of tbwe diacoreriea till ire 
come to them in Ibe regular course of our itudiet. There ia, how- 
eror, a recent diwjoTerjf rcBpectiag' the Vnluic pile, vhicb, tbougb 
not immediately connected with chemiitrj, ta too curioui to ba paa- 
..j -.^ sileoce. It relates to tbe influence of electricili' on ms^- 



allude. You eJreadj' bnow eooietningr of the wondeTful property of 
the magnetic needle to direct one of its extremities tmrarda tbe 
north; and ;ou may easilj conceire how inlereitiog an; new tact 
relating to thin truly myBterioDs agent muit be to science. The 
priDcipelfact iilhis: If a Voltaic tetter; be so placed as to hare its 
negative pole directed towards tbe south, and its positive one tow&rdi 
the north, a communication being at the same time est^lished over 
the battei7, between its two poles, by means of metallic wire*; aod 
if a magnetic oeedle be suspended just oAoee tbe wire, and 10% par- 
tdlel direction, the needle will imniedtaleif noTe roaod npon its 

atances,haspresentedsomenewphenonMiia. This cijoriGc principle 
is imaensel; increased, while tbe dectric shock is hardly to be per- 
ouved . Prof. Hare has named this new apparatus calorimalor,or neal 
marer. The new views which he has been induoed to oSer, teem to 
be confirmed by 

the action of tbe Fig. 15. 
calorimotor, v'lz^'*'^- voii^c Buur, d tap«™i «»tt™aiM mflnk. pVw .«■ 
thatgalTaniamisa •'"""^ 
cool pound of elec- j 
tricity and calo- 
ric— This tbeOiy, 
it it obrioai, will 
tet aside muiv of 
Aa^rinciples laid 
down in tM fore- 
going chapter An 
accoaat of this , 
theory, with a d»- [ 
■oription of tbe ca- 
lorimotor, it pub- 
IMiedinSilliman'a <^ 
Journal, with Ob- I 
■erratiatis by the 
Editor; also in 
Hare's edition of ^ 
Henry't Chemis- 
tiy.— C. 



I. To what di 



itditcorery made b; Mr^Oerttodre' 
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pirot, itsDorthmi extnmkf dnectiag: itnlf toMraxdi the vutt^ more 
en* \em wootftdmg to the energy of the pde, while on the other hand, 
if the maffoetie needle be placed behw the Voltaic conductor, it 
will likewise begin to more round, but its north pole will, in this 
case point towaras the east. 

Emily, How curious this is ! and pray how is this singular effect 
explained ? 

Jlfr#. B. It is one of the jnost intricate points of natural science, 
and one upon which philosophers can yet offer but yery uncertain 
conjectures. SoTeral of the most eminent scientific men, however, 
are earnestly engaged in investigating the subject, and it is to be 
hoped, that some important discovery may yet be made. In the 
mean time they have already ascertained many curious facts illus- 
trative of the influence which electricity and manietism exert upon 
each other, one of the most striking of which is, that if a steel needle 
be placed transversely upon the conductor of a Voltaic pile in action^ 
the needle will, in a few seconds, become magnetic, so as to be ca- 
pable ofs^racting and repelling iron like magnets. Or if any por« 
tion of the conducting wire be turned into a spiral, and a needle 
laid within its coils, but so as not to touch them, it will immediately 
become magnetic, as I shall easily show you the first time we set the 
Voltaic pile in action ; for it is now too much exhausted to produce 
the eoSbots in question. We shall therefore here terminate this con* 
versation, which has been already sufficiently long and difficult. 



CONVERSATION VI. 
ON OXYGEN AND NITROGEN. 
Jirs. B. To-day we shall examine the chemical properties of 

ATMOSPBXRE. 

Caroline. I thought that we were first ^to learn the nature of 
oxTGEN wbicli comes next in our table of simple bodies ? 

Mrs. B» And so you shall ; the^tmospb'ere being composed of 
two principles, oxtgen and if itrogkn, we shall proceed to analyse 
it, and consider its component parts separately. 

Emily. I always thought that the atmosphere bad been a very 
complicated fluid, composed of all the variety of exhalations from 
the earth. 

Jtrs. B. Such substances may be considered rather as heterogene- 
ous and accidental, than as forming any of its component parts ; and 
the proportion they bear to the whole mass is quite inconsiderable. 

Atmospberical air is composed of two gases, known by the 
names of oxtgen gas and nitrogen or azotic gas. 

Emily. Pray what is a gas f* 

* All kinds of air differing from the atmosphere are called by this 
name.— €. 



c What other facts have been observed on this subject ? 
385. Of what is the atmosphere composed.^ 
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, Jlfr«. J?. Theaameof guugiveotottijiiiidc^p&UeoftfslUt' 
ing constantly in an aeriform state, under the pressure and at the 
temperature of the atmosphere. 

CSaroUne. Is not i^ater, or any other substance, when eraporatefl 
hy heat, called gas ? 

Jdrg, B, No my dear ; rapour is; indeM, an elastic fluid, and 
bears a stroofl^ resemblance to a ras ; thei% are, however, soveFsl 

Soints in which they essentially differ, aqd by which you may always 
istinguish them. Steam, or vapour, owes its elasticity merely toft 
hieh temperature, which is equal to that of boiling water. And it 
diners from boiling water only by being united with more caloriCf 
which, as we before explained, is in a latent state. When steam is 
cooled, it instantly returns to the form of water ; but air, or gas, 
bas never yet been rendered liquid or solid, by any degree of cold* 

JEmily. But does not gas, as well as vapour, owe its elasticity tCr 
caloric ? 

Mrs, B, It is the prevailing opinion ; and the difference between 
^as and vapour is thought to depend on the different manner, in 
which caloric is united with the basis of these two kinds of elastic 
fluids. — In vapour it is considered as in a latent state ; in gas, it is 
supposed to be chemically combined. 

Emily, When you speak, then, of the simple bodies oxygen anil 
nitrogen, you mean to express those substances which are the bases 
of the twog^ses? 

Jdrs, B, Tes, in strict propriety ; for they can properly be callefl 
gases only when bfought to an aeriform state. 

Caroline^ In what proportions are they combined in the atmoff" 
phere ? 

Mrs. B. The oxygen gas constitutes a little more than one-fifth^ 

and the nitrogen gas a little less than four-fifths.* When separated^ 

they are found to possess <|ualities totally different from each other. 

For oxjrgengpas is essential both to respiration and combustions^ 

'While neither of these processes can be performed in nitrogen gas.. 

Caroline. But if nitvogen ^ is unfit ror respiration, bow does it 
happen that the large proportion of it which enters into the compo- 
sition of the atmos|;uiere is not a great impediment to breathing ? 

Mrs, B> We should breathe more freely than our lungs could 
bear, if we respired oxygen eas alone. The nitrogen is no impedi- 
ment to respiration, and pr«n>ably on the contrary, answers some 
\iseful purpose, though we do not know in what manner it acts in 
that process. 

* In 100 posts of tbe atmospheric air, there is 21 of oxygen and 
79 of nitrogen.— C. 



386. What is a gas? 

387. What is the difference between vapour and gas P 
388. , To whftt does vapour owe its elasticity ? 

389. To what do the gases owe their elasticity ? 

390. When mayjaxygen and nitrogen be called gases? 

391. What is an essential difference between oxygen and nitra> 
gen, when separated ? 

392. If nitregea gas is unfit for respiration, how does it happen,. 
that the large proportion of it, which enters into atmosphenc. air 
does not cause an impediment in breathing ? 
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£»%. And bjT wliat means can the two gfases, which compote 
the aUiK»pheric air he separated ? 

•tfr#. £. There are many ways of aBalysfDg^ the atmosphere : the 
two gases may be separated first hy. combostioo. 

EmUy* You sarprise me! how is it possible that combustion 
should separate them? 

Mr$: B. I should previously inform you, that till within a few 
years, oxygen was supposed to be the only simple bodj^ naturally 
combined with negative electricity. Sir H. Day v has since added 
chloriae'and iodine totliat number, hut they are bodies of inferior 
importance. Iniill the other elements the positive electricity pre- 
vails, and they have consequently, all of them, an attraction for 

Oxygen. H ^ 

Carohne. That surprises -me extremely ; how then are the com^- 
hinations of the other bodiesperformed, if, according to your expla- 
nation of chemical attraction, bodies are supposed only to combine 
in virtue of their opposite states of electricity f 

Jfir$. B* Compound bodies, in which oxygen prevails over the 
other component parts, are also negative, but their negative energy 
is greater or less in proportion as the oxygen predommates* Those 
compounds into which oxygen enters in less proportion than the 
other constituents, are positive, but their positive energy is dimi- 
nished in proportion to the quantity of oxygen which enters into 
their composition. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and, under certain circumstances, will absorb it from 
the atmosphere, in which case the nitrogen gas will remain alone, 
and may thus be obtained in its separate state. 

Caroline, I do not understand how a gas can be absorbed ? 

^Irs. B, It is only the oxygen, or basis of the gas, which is absorb? 

f If chlorine or oxvmuriatic gas be a simple body, according tO/ 
Sir H. Davy's riew oi* the subject, it must be considered as an ex- 
ception to this statement ; but this subject cannot be discussed till 
the properties and nature of chlorine come under examination. 

I The hypothesis that combustion, as welt aschemical affinity are 
electrical phenomena, was first proposed by Berze)ius, of Stock- 
holm« The theory is shortly this. In all cases, where the particles 
of bodies have a chemical attraction for each other, they are in op> 
posite states of electricity, and the force of their union is in proper^ 
tion to the intensity of these electrical states, since it is this which 
forces them to unite. Thus the particles of an acid and an alkali 
unite, because one is strongly negative and the other strongly posi- 
tive. In case of combustion, these different states are still more in- 
tense, oxygen always being in the negative state, and the combusti- 
ble in the positive, and ww^ a union takes place, heat and light. is 
: ^ . . 

393. Can the two gases that compose the atmospheric air be se* 
parated ? 

394. In what proportions are oxygen and nitrogen comhined in at- 
mospheric air ? 

395. What causes negative electricity ? 

396. llf»w can combustion separate them ? 

397. How is caloric produced in combustion ? 

398. JVhat is ike theory of combustion proposed by Berzelius ? 

9 
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ed ; and the tro elcctricitier escaping, ifcjt fe to »?5^ *^« »^^^ 
from the oxygen, the positive from the burning body, nntte mad 

pTodnce caloric. . .^. . . > 

Emilv. And what becomes of this caloric r 

Jtfr*. B. We shall make this piece of dry wood attract o^gfcn 
from the atmosphere, and you will see what becomes of the c^onc. 

CaroliM. You are joking, Mrs. B. ; you do not mean to decom- 
note the atmosphere with a piece of dry stick ? 
^Jtfr*. B. Not the whole body of the atmosphere, certatnly ; bot it 
we can make this piece of wood attract any owantity of ^E^ 
from it, a proportional quantity of atmosphencal air will be decom- 

^^Caroline. If wood has so strong an attraction for oxygoi, why 
does it not decompose the atmosphere spontaneously ? 

Jin. B. It is found by expenence, that an eleratum of tempera- 
ture is required for the commencemwit of the union of the oxygen 

and the wood. ^ i ^u . ^ * . ^ 

This elevation of temperature was formerly thought to be ^eces- 
Siry, in order to diminish the cohesive attraction of the wood, and 
enable the oxygen to penetrate and combine with it more readily. 
But since the introduction of the new theory of chemical cotnbma- 
tion* another cause has been assigned, and it is now suppwjd that 
the high temperature, by exalting the electrical encrgitt of bodies, 
and consequently their force of attraction, fecihtotes their oombi- 

** "' 

" Emily. If it is true that caloric is composed of the two electrici- 
ties, an elevation of tem peraturc must necessarily augment the elec- 
tric energies of bodies. . ,, . 

Jlfr* B. I doubt whether that would be a necessary eonse- 
iruence ; for admitting this composition of caloric, it is only by bc- 
ine decomposed that electricity can be produced. Sir H. Davy, 
however, in his numerous experiments, has found it to be an almost 
invariable rule, that the electrical energies of bodies arc increased 
by elevation of temperature. . .^ * ^ r 

What means, then, shall we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere? 

Caroline. Holding it near the fire, I should think, would answer 

JSrs^B. It may, provided yott hold it sufficiently close to the fire; 
for a very considerable elevation of temperature is required. 

Caroline. It has actually taken fire ; and yet I did not let it touch 
the coals, but I held it so very close that I suppose it caught fire 
merely from the intensity of the heat. 

Mri. B. Or you might say, in other words, that the caloUc which 

the consequence. This theory is not well proved, nor generally 

adopted. — C ^ 

. . « ■ ' ■ .. — ' 

399. If wood has a strong attraction for oxygen, why does it not 
decompose the air spontaneously ? 

400. Why is it necessary to heat a combustible substance to 

make it burn ? , , , 4- 

401. Are the electrical energies of bodies increased by elevation 

of temperature ? 

402. Why will a piece of wood when held near the fire, bum, 
siltbough it does not touch the coals ? 
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ite elootfic eii6ivy» astoeaabk it to attmst ox Jifen TerjrrapWt)^ 

Emily. Does the wood absprb Qxyrea wbUe it is biiraiQg ? 

•Ifr*. B. Yes ; aod the beat and ii^ are produced by ^ iviioa 
of the two electricities which are set at liberty, in ooDsequence of 
the oxyma oombiDiDfl^ with the wood. 

GorroAM. Yon astonish me 1 the heat of a tiorning body proceeds 
<theB as m«ch from the atmosphere as from^the body itself.^ 

Mm* B» It was supposed that the caioric, given out during com^ 
bustion* proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subiect, both the oxygen gae, and the combustible body concur 
in supplyii^ the heat and light, by the union of their opposite elec* 
trioittes. 

Emify* I bare not yet met with any thing in chemistrv that has 
sprprisM or delighted me so much as this explanation of combos 
don. I was at first wondering what connexion there could be be<- 
tween the affinity of a body for oxygen and its combustibility ; but 
I think I understand it now perfectly. 

•Vrr. 3, Combustion, then, you see, is nothing more thail the 
rapid cenbination of a body with oxygen, attended by the disen* 
^aMment of light and heat 

JBmil^. But are there no combnstible bodies whose attraction for 
oxygen is so strong, that they will combine with it, without the ap- 
plication of heat ? 

Oaroline, That cannot be ; otherwise we should see bodies bum* 
ing spontaneouslv. 

Jtlrs. B. But there are some instances of this kind, such as phos- 
phorus, potassium, and some compound bodies, which I shall here- 
after make you acquainted with. These bodies, however, a^ pre* 
pared by art, for in general, all the combnstions that could occur 
spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot haf^a without the 
temperature of the body being raised. Some bodies, however, will 
bum at a much lower temperature than others. 

Corolifie. But the common way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one in 
actual contact with the other^ as when I bum this piece of imoer bv 
holding it in the flame of the fire. ^ ^^ ^ 

J^rs. Br The ckner i^ is in contact with the source of cakmc, the 
sooner will ito temperature be raised to the degree necessary for it 
to burn. If you bold it near the fire, the same efifect will be pro. 
daeed ; but more time will be required, as you found to be the case 
with the piece of stick. 

EmUy, But why is it not necessary to continue applying caloric 
throughout the process of combustion, in order to keep up the elec- 
tiic eneiigy of the wood, which 19 required to enable it to combine 
with (he oxygen ^ 

403. When a substance bums, what does it absorb? 

404. How are heat and light produced f 

405. What is combustion ? 

409. Why do not bodies bum spontaneously f 
407. What are instances of combustion without a preneua in- 
crease of temperature ? r '^ • 
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jUn. B. Tbe crioric wliieh it gndmlly pndiMed by th« two 
dl0Ctricities during combiistida Iceeps up tbe tempwfttiiie of tbe 
buraiog body ; so that wbJBQ once oombastum btt.be|^n,ao fbrtber 
application of caloric is reonirad* 

Caro/tiie. Since I bare learnt tbis wonderfal tbeory of combus- 
tion, I cannot belp gazinr at the fire; and I can scarcely coooeiTe 
that the heat and lig^bt, which I always supposed to proceed entirely 
from the coals, are really produced as mncn by the atmosphere. 

Emily, When you bl9w the fire, toq increase the combustioD, 1 
suppose, by supplying the coals with a greater quantity of oxy^a 
gas. 

Mrs, B. Certainly; but of course no blowing will produce com- 
bustion, unless the temperature of tbe coals be first raised. A siogle 
spark, howerer, is sometimes sufficient to produce that efiect; for, 
as I said before, when once combustion has commenced, the caloric 
disengaged is sufficient to elevate tbe temperature of the rest of tbe 
body, provided that there be a free acoess of osygen. It however 
sometimes happens that if a fire be ill made, it will be extingatabed 
before all the fuel is consumed; from the very circumstance of the 
combustion being so slow that the caloric disengaged is insufficient 
to keep up the temperature of the fuel. You most recollect that 
there are three things required in order to produce combuation ; a 
combustible body, oxygen, and a temperature at which the one wiU 
combine with the other. 

Emily, You said that combustion was one method of decomposing 
the atmosphere, and obtaining the nitrogen gas in its simple atate; 
but how do you secure this gas, and prevent it from mixing with the 
rest of the atmosphere ? 



Jtfr«. B. It is necessary for this purpose to 
bum the bodv within a close vessel, which is 
easily done. — ^We shall introduce asmall lighted 
taper under this glass receiver, whicn stands in 
a basin over water, to prevent all communica- 
tion with the external air.*'^ 

Caroline, How dim the light burns already ! 
It is now extinguished. 

JUrs, B, Can you tel} us why it is extin- 
gruished? 

Caroline, Let me consider. — The receiver 
was full of atmospherical air ; the taper, in 



Fig. 16. 




Conbiatioa of a taptr onder a 
reeeirtr. 



* To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

-r— i . _ - ' 

408. Why is it not necessary to continue applying caloric through- 
out the process of combustion, in order to keep up the electric en- 
eigy of the wood, which is required to enable it to combine with the 
oxygen ? 

409. Why does btowing the fire increase cpmbustion f 

410. Why will fire be sometimes extinguislik before all tbe wood 
is consumed } 

411. What three thin^ are necessary to produce combustion ? 

412. Why will a bummg taper placed under a glass receiver, as 
jn figure 16, soon become extmguished ? 



burniiiif wifhiB it, aiiist h^e ooiflbifMId itfth the oxygto coAtaiti^ 
in thai air, and tbe calofic tbat iras dis^tt^aged produced the Kght 6f 
the taper. But when the whole of the oxyj^n was absoi^bed, the 
whole of its electrtoity was diseng^aged ; consequently no more ca- 
loric oooid be produced, the taper ceased to burn, ana the ihixne Was 
eztioguisbed. 

Mn, B. Your explanation is perfectly correct. 

Emity^ The two constituents of the oxygen jgas being thus 
dispoeed of, what remains under the receiver must be pure nitrogen 
gas. 

MrM. B. There are some circumstances which prevent the ilitf'o- 
gen gas thus obtained, from being perfectly pure ; but we may 
easily try whether the oxygen has disappeared, oy putting another 
lighted taper under it — You see bow instantaneously the flame Is 
extingpiisned, for want of oxygen to supply the negative electricity 
required fertile formation of caloric; aad were you to put an ani- 
mal under the receiver, it would be immediately suffocated. But 
that is an experiment which I do not think your curiosity will tempt 
you to tiy. 

Emiiif. Certainly not. But look, Mrs. B., the receiver is full 
of a thick white smoke. Is that nitragen g^s ? 

•Wrt. J?. No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like common air. This cloudiness proceeds from a variety 
of exhalations, which arise from the burning taper, the nature of 
which you cannot yet understand. 

Cartdine* The water in the receiver has now risen a litUe above 
its level in the basin. What is the reason of this ? " - 

Mr». B. With a moment*s reflection, I dare say you woufid hare 
explained it yourself. The water rises in consequence of the oxygen 
gas within it having been destroyed, or rather decomposed, by the 
combustion of the taper. 

CatoUnt. Then why did not the water rise immediately When 
the oxygen ras was destroyed ? 

jir9, B. Because the heat of the taper, whilst burning, occasion- 
ed a dilatation of the air in the vessel, and a production of carbonic 
acid, which at first counteracted this effect. 

Another me^tns of decomposing the atmosphere is the oxygenation 
of certain metals. This process is very analagous to combustion ; 
it is, indeed, only a more general term to express the combination 
of a body with oxvgen. 

Caro&ie. In what respect, then, does.it diffisr from combustion 9- 

JIfrf. B. The combination of oxygen in combustion is always ac- 

bard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Twa or three inches of the taper can be 
fastened to a piece' of wire, bent so that it will stand up. Thus the 
experiment is easily made. 



413. How long will it burn thus placed under a receiver ? 

414. What would be the consequence if an animal were placed 
under the receiver? Why.' « 

415. What is another method of decomposing the air f 

416. In what respect doe»oxygenatioB difler from the deconi^* 
sition of air by combostioD i 
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oomp&oi«d by a dbeiigvfeiiiMit of ligbt and beat ; wlHbt this eir< 
canutance is not a oeceisary ooniequaiiM of simple oxyi^enmtioa. 
Carolina. But boir can a body absorb oxygen witbont the com- 
bination of the tiro electricities which produce caloric ? 

Jtfrv. B, Oxygen does not always present itself in a g ao eo nn form ; 
it is a constituent part of a rast number of bodies, both solid and li- 
quid, in which it exists in a state of greater density than In the at- 
mosphere ; and from these bodies it may be obtained without mncb 
disengagement of caloric. It may likewise, in some cases, be ab- 
sorbed &om the atmosphere withont any sensible production of light 
and heat; for, if the process be slow, the caloric is disengaged ia 
such small quantities and so gradually, that it is not capable of pro- 
ducing either light or heat In this case the absorption of oxygeo 
is called oxf^enation or oxydaUon, intead of comhusHon^ as the pro- 
duction of sensible light and heat is essential to the latter. 

Emily. I wonder that metals can unite with oxygen ; for, 9ts they 
are so dense, their attraction of aggregation must be very iir^eat ; 
and I should have thought that oxygen could never have penetrated 
such bodies. 

Jtfrs. B. Their strong attraction for oxygen counterbalances 
this obstacle. Most metals, however, require to be made red hot, 
before they are capable of attracting oxygen in any considerable 
quantity. By this combination they lose most of their metallic 
properties, and fall into a kind of powder, formerly called calx, but 
now much more properly termed an oxyd ; thus we have oanfd of 
lead^ oxyd of iron, &c.* 

' Emily* And in the Voltaic battery, it is, I suppose, an oxyd of 
zinc, that is formed by the union of the oxygen with that Aietal. 
Mr 9 B. Yes, it is. 

Caroline. The word oxyd, then, simply means a metal combined 
with oxygen. 

«Afr«. B, Yes ; but the term is not confined to metals, though 
chiefly applied to them. Any body whatever, that has combined 
with a certain quantity of oxygen, either by means of oxydatioo, 
or combustion, is called an oxyd, and is said to be oxy dated or ox- 
ygenated, 

Emily* Metals, when converted into oxyds, become, I suppose, 
negative. 

Jlfr«. B. Not in general ; because in most oxyds the positive en- 
ergy of the metal, more than counterbalances tne native energy of 
the oxygen with which it combines. 
This black powder is an oxyd of mang^anese, a metal which has so 

* Red Lead and RuH of lron.—C, 



417. Does oxygen always exist in a gaseous state ? 

418. When is the absorption of oxygen called oxygenation, or 
oxydation ? 

419. How can oxygen penetrate metals, since their attraction of 
aggregation is so great i 

42Q. What is the chemical name for red lead and rust of iron ? 

421. What is an oxyd ? 

422. If oxyds are a combination of metals and oxygen, why are 
.hey not negative f 
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Strong an affinity for oxygen, that it attracts that anhstance from 
the atmosphere at any koown temperature : it is therefore never 
found jmits roetaUic lorm, but always in thai of an oxyd : in which 
state, yon see it has rery little of the appearance of a metal. It is 
now heafier than it was before ozydatioo, in conseqiieDce of the ad- 
ditional weight of the oxyg^, with which it has combined. 

CaroUne^ I am very glad to hear that ; for I confess I could not 
help haying some doubts whether oxygen was really a sub&taocet as 
is not to be obtained in a simple and palpable state ; but its weight 
is, 1 think, a decisiFo proof or its being a real body. 

Jlfr«. B» It is easy to estimate its weig^ht, by separatiog^it from 
the manganese, and finding how much the latter has lost. 

Emily* But if you can take the oxygen from the metal, shall we 
not then have it in its palpable simple state ? 

Jiirg* B. No ; for I can only separate the oxygen from the man- 
ganese, by presenting to it some other body, for which it has a great- 
er affinity than for the manganese ^ Caloric affordinQ;> the two elec- 
tricities is decomposed, and one of them uniting with the oxygen, 
restores it to the aeriform state. 

Emily. But you said just now, that manganese would attract ox- 
ygen from the atmosphere in which it is combined with the nega- 
tive electricity ; how, therefore, can the oxygen have a superior 
acuity for that electricity, since it abandons it to combine with ihe 
manganese ? 

Mrs, B. I give you credit for this objection, Emily ; and the on- 
ly answer I can make to it is, tkat the mutual affinities of metals for 
oxygen, and of oxygen for electricity, vary at different tempera- 
tures ; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygerf, whilst on the contrary, the former will be 
compelled to part with the latter, when the temperature is further 
increased. I have put some oxyd of manganese into a retort,'^ 
which is an earthen vessel with a bent neck, such as you see here. 
(See fig. 17, No.'l.) The retort containing the manganese you can- 
not see, as I have enclosed it in this furnace, where it is now red-hot. 
But, in Older to make you sensible of the escape of the gas, which 
is itself invisible, I have connected the neck of the retort with this 
bent tube, the extremity of which is immei;i9ed in a vessel of water. 
(See Fig. 17, No. 2.) Do you see the bubbles of air rise through 
the water ? 

Caroline* Perfectly. This, then is pure oxyp^q gas f What a 
pity it should be lost Could you not preserve it ? 

*To collect oxygen gas. take an oil flask, and having fitted a cork 
to it, pierce the cork so as to admit a bent glass tube ; (the bending 
is done over a spirit lamp:) Put into the flask some black oxyd of 
manganese, and pour on sulphuric acid endugh to make it into a 
paste. Then put in the cork and tube, and having connected the 
other end of the tube with a receiver, in the tub of water, apply the 
heat of an Argand himp.-*C. 

423. How can it be determined that oxygen has weight ? 

4i4. How can oxygen be separated from manganese stfter having 
been oxydated ? 

435. How maytmre oxygen be collected ? 

4S6. How wooid yon describe the experiment represented in fig-t 
urel7? ^ r- 



104 



oxTGUC Avo BnraoGiur. 



Fif. 17. 




No. 1. A. ntort on a shind. — No. 3. A. Fornac*. B. Earthen Ratort in 
thoAirnace. C. Water Batfa' D. Receiver. E. E* Tube acavfing the gu *** 
f from the Retort tbroufh the water into the RaoeiTer. F. F. F. Shelf parforatad 

on which the Reocivei aUDdi. 

JUrs. B, We shall collect it in this receiver. For this purpose, 
yon observe, I first fill it with water, in order to exclude the at- 
mospherical air ; and then place it over the bubbles which issue 
from the retort, so as to maKe them rise through the water to the 
upper part of the receiver. u 

Emily* The bubbles of oxygen gas rise, I suppose, Grom their 
specific levity ? 

•^rx. B, Yes ; for though oxygen forms rather a hieavy gas, it 
is light compared to water. You see how it gradually displaces the 
water from the receiver. It is now full of gas, and I may leave it 
inverted in water on this shelf, where I can keep the gas as long as 
I choose, foe future experiments. This apparatus (which is indis- 
pensible in all experiments in which gases are concerned) is called 
a water-bath.* 

Caroline. It is a very clever contrivance, indeed; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes in it for the gas to pass. into the re- 
ceiver ! I long to* make some experiments with this apparatus. 

J^r»» B, I uiall try your skill that way, when you have a little 
more experience. I am now going to show you an experiment, 
which proves, in a very striking manner, how essential oxygen is 
to combustion. You will see that iron itself will burn in this gas, 
in the most rapid and brilliant manner. 

* A common large sized wash-tub, with a board 4 or 5 inches wide 
fixed through the middle, and about 6 inches from the top, and filled 
with water, will answer very well for a great variety of experiments 
on the gases.-— C. 



427. How does the weight of oxygen gas compare with that of 
water f 

- 428. How may the great tendency of oxygen to produce corobns- 
{ioDibej^roved? 



OSVGBH AHD HITKOGER. '10J> 

Caro&M. Beall; ! I did aot Icdow ttat it wai powble to trani 



fioity for oxT^n. 

Jtrt B. Iron will, however, not bum in almotpherical air with- 
out avery great elevation of temperature;- bat it is emlaenliy com- 
buslible in pure osvgeu pis; and what will surprise you atill more, 
it can be set on fire without any considerable rise of temperature. 
You see this spiral iron wire,* — I listen it at one end lo this cork) 
which is made to fill an opening at the top of Ihe glas 



Emily. I see the opening' in the receiver ; 
bnt it is carefully closed bj a ground glast- 
stopper. 

Mrt. B. That is in order lo prereot the gas 
from escaping 1 hut I shall tahe oat (he stop- 
per, and put in the cork, to which (he wire 
naDgB. Now I mean (o burn this wire in the 
osygea ^m, but I must fix a small piece of 
ligiited tinder lo the extremity o^it, in order 
togire the first impnlse to combustion: for, 
bownver powerful oxygen ia in promoting 
eombustion, you must recollect that it cannot 
take place without some elevation of tempera- CembuHiM or irm •inia 
ture. 1 shall now introduce the wire into the on^iopt 

receiver, by quickly changing the stoppers. 

Caroline- Is there no danger of the gea escaping .while jd« 
change the stoppers? 

Mrt. B. Oiygengas is a litUe heavier than atmospherical air, 
therefore it wifl not mix with it very rapidly ; and if I do not 
leave the opening nbcovered, we shall not lose any 

CarrJiiit. Oh, what a briUJant and beautiful flame ! ~ 

EaiUy. U is as white and dazzling aa the sun !— Now a piece of 
the melted wire drops to the bottom : I fear it is extinguished ; hut 
DO, it burns again as bright as ever. 

Jdri.B- It will burn till the wire is entirely consumed, provid- 
ed the oxygen is not first expended : for you know it can burn 
only while there is oxygen to combine with it. 

Caroline. 1 never saw a more beautiful light. My eyes can 
hardly beat it ! How astonishing to think that all this caloric was 
contained in the small quantity of gas and iron that was enclosed 
in the receiver : and that without producing any visible beat ! 

Emily. How wonderfully quick combustion goes on in pure ox- 



;igorimenl, Hod 
Abi^tleof white glass 
— , , -.-.-.. An incli o^Valer at 

the bottom will prevent its breaking.— C. * 

439. Why have alls 
430. 

431 Which is ligfateit, oxygen gas or atmospherical air?' 
432. How long wiH apiece ot iioa burn in oxygen gas ? 
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j^ gas* Bnt praf, aratheMdfopt of Ininit iron at heavy as the 
wire iras before f 

Mrs, B. They are even hearier ; for the iron« in hnrniag, haa ac* 
^niied esactty the weig^ht of the oxmn which has disappeared, 
and is now combined with it. It has become an oxyd of ifoa. 

Coro/tne. I do not know what you mean by saying that the oxy- 
g;en has diMajppeared^^n* B., for it was always invisible. 

Jin. B. True, my dear ; the expression wi^ incorrect. Bat 
thoug^h you could not see the oxygen gas, I believe you had no doobt 
of its presence, as the effect it product on the wire was sufficiently 
e?ident. 

Caroline. Yes, indeed ; yet you know it was the caloric, and not 
the oxygen gdA itself, that dazzled us so much. 

Jlfr«. B, You are not quite correct in your tum$ in saying the 
caloric dazzled you ; for caloric is invisibly ; it affects only the-seiise 
of feeling ; it was the light which dazzled you. 

Caroline. True ; but light and caloric are such constant com- 
panions, that it is difficult to separate them, even in idea. 

J^rt. B. The easier it is to confound them, the more carefdl ytm 
should be in roakine the distinction. 

CarolvM, But why has the water now risen and filled part of the 
receiver? 

Jdri.B, Indeed, Caroline, I' did not suppose you would have 
asked snch a question ! I dare say, Emily you can answer it. 

Emity. Let me reflect . . . The oxygen has combined with the 
wire ; the caloric has escaped ; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Carolifne. I wonder that I did not think of that I wish that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might then have found whether the weight of the oxyd was equal 
to that of both. 

Jlfr». B You might try the experiment if you particularly wbh- 
ed it; but I can assure you. that, if accurately performed, it a^ver 
fails to show that the additional weight of the oxyd. is precisely equal 
to that of the oxy^n absorb0d« whether the process has been a real 
combustion or a simple oxygenation. 

CkLroline. But this dannot be the case with all combustions in 
ffeneral ; for when any substance is burnt in the common air, so 
far from increasing in weight, it is evidently diminished, and some- 
times entirely consumed. 

Jlfrt . JB. 6ut what do you mean by the expression contwned ? You 
cannot suppose that the smallest particle of any substance in nature 
can be actually destroyed. A compound body is decomposed by 
combustion ; some of its constituent parts fly off in a gaseous form, 
while others remain in a concrete state ; the former are called the 
ffolatile^ the latter ihejlxed products of combustion. But if we col- 
lect the whole of them, we shall always find that they exceed tiie 

433. Why will the component parts of a compound body that has 
been decomposed by combustion, weigh more than the compound 
body did ? , 

434. What is the impropriety in saying that a person is dazzled 
by caloric ? 

435. Can a particle of any substance be actually destroyed ? 

436. Wbat is the fixed product in combustion ? 

437. What is the volatile product in oombuUion ? 



weiglitof Uiecombnstiblebody, by tb^ if the dXygen wbicb bas 
ciHRbined iritb them during combustion. 

£mUy. lo the coiiU>ustioo of a coal fire, then, I suppose that the 
ashes are what would be called the fixed product, and the smoke 
the vohftile product f 

J^n. B. Yet when the fire burns best, and the quantity of volft* 
tilepreducts should be the greatest, there is no smoke; how caB 
you account for that ? 

EmUy. Indeed 1 cannot; therefore I suppose that I was not right 
in my conjecture. 

Jars. B. Not quite ; ashes, as you supposed, are a fixed product 
of oomlMistion ; but smoke, properly speaking, is not one of the to- 
laiile products, as it consists of some minute undeoomposed particles 
of coals which are carried off by the heated air without being 
buhit, and are either depoeited in ^e form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
products of combustion. As yen may easily conceive that the' 
stronger the fire is, the less smoke is produced, because the fower 
particles escape combustion. On this principle depends the ioren- 
tion of Argand's Patent Lamps ; a current of air is made to pass 
tbroojgh the cylindrical wick of the lamp, bv which means it is so 
plentifiiUy supplied with (|xygen, that scarcely a particle of oil es- 
capes combustion, nor is there any smoke produced. 

Emily, But what then are the volatile products of combustion ? 

Jtfr«. B. Vari<ni8 new compounds with which you are not yet ac^- 
quainted, and which being converted by caloric either into vapour 
or gas, are invisible ; but the^ can be collected, and we shall exam- 
ine them at some future period. 

CaroHne. There are then other gases, besides the oxygen and ni^- 
irogen gases. 

Atm. B, Yes, several ; anj^ substance that can assume and main- 
tain the form of an elas^ fluid at the temperature of the atmos- 
phere, is called a gas., We shall examine the several gases ia 
their respective places : but we must now confine our attention to 
those which compose the atmosphere. 

I shall show you another method of decomposing the atmos- 
phere, which is very simple. In breathing, we retain a portion of the 
oxygen, and expire the nitrogen gas ; so that if we breathe in a 
closed vessel, for a certain length of time, the air within it will be 
deprived of its oxygen gas. Which of you will make the experiment? 

Caroline. I should be very glad to tr]r it. 

jura, B. Very well ; breathe several times through this glass tube 
into the receiver with which it is connected, until you feel that 
yonr breath is exhausted. 

Caroline* 1 am quite out of breath already ! 

Jlfr«. B. Now let us try the gas with a lighted taper. * 

Ewiily, It is very pure nitrogen gas, for the taper is immediately 
extinguished. 

•Af rs. B, That is not a proof of its being pure, but only of the ab« 
senoe of oxygen, as it is that principle alone which can produce 
combustion, every other gas being absolutely incapable of it.* 

V 

* This does not a|free with the opinion that chlorine and iodine 
are simple bodies, since they are bodi supporters ofcombustion.-C. 

^^.^__^ # 

^ 1 -| I I I I I I I ■ I I ■ ' ~ ^ ~~"" !■ ■ ■ ■ 

438. Why is there no smoke when the fire burns best? 

439. How caathe atmosphere be decomposed by breathing? 
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EmUy. la tbe methods which yon b«re shown us, for decomiio^ 
sing tbe atmosphere, the o&yg^n alwajs abandons tbe nitro^n : 
bat is there no way of taking the nitrogen from oxygen, so as to 
obtain tbe latter pare from the atmosphere ? 

Jlfrt . B. You must observe, thai whenever oxygen is taken 
from the atmosphere, it is by decomposing tbe oxygen gfas ; we 
cannot do the same with the nitrogen gas, because nitrogfen has a 
stronger affinity for caloric than for any other known principle : 
it appears impossible therefore to separate it from the atmoepbere 
by titc power of affinities. Bat if we cannot obtain the oxygen gas 
% this means, in its separate state, we have no difficulty (as you 
have seen] to procure it in its gaseous form, by taking it irom those 
substances that have absorbed it from the atmosphere, as we 4fd 
with the oxyd of manganese. ^ 

EnUly. Can atmospherical air be recompos^d, by mixing^ due 
proportions of oxy^^en and nitrogen g^es ? 

Jlfrf. B. Yes : if about one par^of oxygen g^ be mixed with 
about four parts of nitrogen g^s, atmospherical air is produced.'*' 

Emily, The ait, then, must be an oxyd of nitrogen P 

J^rs- B, No, my dear ; for it requires a chemical combination 
between oxygen and nitrogen in order to produce an oxyd ; wlHlst 
in the atmosphere these twe substances were separately combined 
with caloric, forming two distinct g^es, which are simply mixed 
Sn the formation of the atmosphere. 

I shall say nothios* more of oxj^gen and nitrogen, at present, as 
we shall continually have occasion to refer to them in our future 
conversations. They are both very abundant in nature ; nitrog^en 
is the most plentiful in the atmosph^e, and exist also in all animal 
substances ; oxyged forms a constituent part both of the animal and 
vegetable kingdoms, from which it may be obtained by a variety 
of chemical means. Bat it is now time to conclude our lesson. I 
am afraid you have learnt more to day than you will be able to re- 
member. 

. Caroline- I assure vou that I have been too much interested in 
it, ever to forget it. in regard to nitrogen there seems to be but ' 
little to remember ; it makes but a very insigni6cant figare in com- 
parison to oxygen, although it composes a much larger portion of 
the atmosphere. 

Jtfr*. B. Perhaps this insignificance you complain of, may arise 
from the compound nature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any nat- 
ural process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to be reason for suspecting that nitrogen is a 

*Theproportion of oxygen in the atmospl^ere varies from 31 to 
22 per cent. 

440. Why may not oxygen be taken from the atmosphere so as 
to leave the nitrogen pure f 

441. How can atmospheric air be produced by the union of oxy- 
gen and nitrogen ? 

442. Why is not the union that takes place between oxygen atnd 
nitrogen in the production of atmospheric air. an oxyd f 

443. Where do oxygen and nitrogen exist ? 

444. Is nitrogen a simple ^r a compound substance ? 



4BOiapoqiid bodjr, as we aliall «ee aftenruds. But aren in its simple 
state, it' will not appear so insign^ificant when you are better ac* 
c^uaintad iritb it ; for tfaongh it Beems to perform but a passire part 
in the atmosphere, and bas no very striking properties, when con- 
sidered in its separate state^ yet you will see ij and by what a very 
important ag^t it becomes, when combined with other bodies. But 
no tmffe of this at peesent ; we must reserve it for its proper place* 



CONVEJISATION VII. 

ON HYDROGEN. 

Caroline, The next simple bodies we come to are CHLb&imB and 
10BINE. Pray what kinds of substances are these ? Are they aJao 
inyisible ? 

Jtfrf . B* No : for chlorine, in the state of gas, has a distinct 
{preenish celbor, and is therefore visible ; and iodine, in the same 
etate, bas a beautiful claret-red colour. These bodies, I have al- 
ready informed yoa, are, like oxygen, endowed with the negative 
electricity ; but the explanation of their properties, implies various 
considerations, which you would not yet be able to understand ; we 
shall therefore defer their examination to some future conversation, 
sucid we shall go on to the next simple substance, hydrogen, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted wi& it only in its gaseous state, as we 
d.re with oxygen and nitrogen. 

Caroline, But io its gaseous state it cannot be called a simple 
Aubstance, since it is combined with heat and electricity ? 

Mrs, B.. True, my dear ; but as we do not know in nature, of any 
substance which is not more or less combined with caloric and elec- 
tricity, we are apt to say that a substance is in its pure state when 
combined with these agents only. 

Hydrogen was formerly called inflammable air ^ as it is extremely 
combustible, and burns with a great flame. Since the invention of 
tb^ new nomenclatare, it has obtained the name of hydrogen, which 
is derived from two Greek words, the meaning of which is to pro* 
duee water. 

Emily. And how does hydrogen produce water? 
J€r9. B. By its combustion. Water is composed of 89 parts, by 
weight, of oxygen, combined with II parts of hydrogen ; or of two 
parts, by bulk, of hydro^n gas, to one part of oxmn gas. 

Caro&i0. Really ? is it possible that water shoufi be a combina- 
tioQ of two gases, and that one of these should be inflammable air ! 
Hydroffen must be a most extraordinary gas that will produce both 
£re and water. 

£111%. But I thought yon said that combustion could take place 
in no gas but oxygen. 

446. Of what colour are chlorine and iodine f 

446. What does the term hydrogen signify? 

447. What was it formerly called? 

448. How does hydro^n produce water ? 

449. In what propdrtioiis do oxygen and hydrogen coDobine te 
pxodnoe water? Id 



110 tfrDROOBir. 

« 

Mr», B, Do yoa reooDect what the practes «f cdnhusfion cob- 
slrts in ? 

£ifi%. In the combination of a body with ozyg^en, with diseur 
garement of lig^ht and heat. 

Mrs, B, Therefore when I say that hydroren is combustible, i 
mean that it has an affinity for oxmn ; bat, Iflce all other combusti- 
ble substances, it cannot bum unless supplied with oxygen, and alss 
hMted to a proper temperatare. 

CktroUne. The simply mixing 1 1 parts of hydrogen, with 89 parts 
of oxygen gas, will not, therefore, produce water. 

Jttrt. B No ; water being a much denser fluid than gases, in or- 
der to rednce these gases to a liquid, it is necessary to diminish the 
quantity of caloric or electricity which maintains them in an elailic 
form. 

EtnUy, That I should think might be done by combining the 
oxygen and hydrogfen together ; for in combining, they would give 
out their respective electricities m the form of caloric, and by this 
means would be condensed. 

Caroline But yoa forget, Emily, that in order to make the oxy- 
gren and hydrogen combme, you must begin by elevating their tem- 
perature, which increases, instead of diminishing, their electric 
energies- 

Mrg. B. Emily is, however, right; for though it is necessary to 
raise their temperature, in order to make them combine, as that 
combipation attords them the means of parting with their electrici- 
ties, it is eventually the cause of the diminution of electric energy. 

Caroline* You love to deal in paradoxes to-day, Mrs. B. Fire, 
then, produces water. 

Mrs, B. The combustion of hydrogen gas certainly does; but 
you do not seem to have remembered the theory of combustion so 
well as you thought you would. Can you tell me what happens in 
the combustion of hydrogen gas ? 

Caroline. The hydrogen combines with the oxygen, and their op- 
posite electricities are disengaged in the form of caloric. Tes, I 
think 1 understand it now — by the loss of this caloric, the gases are 
condensed into a liquid. 

Emily. Water, then, 1 suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into hy- 
drogen and oxygen ga^es. 

Jirs. B. No, my dear—there you are quite mistaken : the de- 
composition of water is totally different from its evaporation ; for 
in the latter case (as you should recollect) water is only in a state of 
very minute division ; and b merely suspended in the atmosphere, 
without any chemical combination, and without any separation of 
its constituent parts. As long as these remain combined, they form 
WATER, whether in a state of liquidity, or in that of an elastic fluid, 
as vapour, or under the solid form of ice. 

450. When it is said that hydrogen is combustible, what b in- 
tended f 

451. Will simply mixing eighty-five parts of oxygen and filleen 
of hydrogen, produce water ? 

452. What is necessary P 

453. What happens in the combustion of hydrogen gas? 

454. What is the diibrence between the decomposition and eva- 
poration of water .^ 
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f la our expdriments on latent heat, you may recoUect that we 
^ caused water successively to pass through these three forms, merely 
by an increase or diminution of caloric, without employing any 
power of attraction, or effecting any decomposition^ 

Caroline, But are there no means of decomposing water ? 
Mr*, B. Tes, several; charqoal, and metals, when heated red hot, 
will attract the oxygen from water, in the same manner as they will 
from the atmosphere. 

Caroline. Hydroj^en, 1 see, is like nitrogen, a poor dependant 
friend of oxygen, which is continually forsaken for greater favourites. 
JIfrtf. B. The connection, or friendship, as you choose to call it, 
is much more intimate between oxygen and hydroeen, in the state 
of water, than between oxygen and nitrogen, in the atmosphere; 
for, in the first case, there is a chemical union and cood^isation of 
the two substances ; in the latter, they are simply mixed together 
in their gaseous slate. Tou will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogen 
is. But this is foreign to our present subject 

Emily. Water, then, is an oxyd, though the atmospherical air is 
qot. 

mJifrt, B. It is not commonly called an oxyd, though, according to 
our definition, it may, no doubt, be referred to that cUss of bodies. 
Caroline. I should like extremely to see water decomposed. 
JIfrt. B, I can g^ratify your curiosity by a much more easy pro- 
cess than the oxydation of charcoal or metals ; the decomposition 
of water by these latter means takes up a great deal of time, and is 
attended with much trouble ; for it is necessary that the charcoal 
or metal should be made red hot m a furnace, that the water should 
pass over them in a state of vapour, that the ^ fincmed should be 
collected over the water-bath, &c. In short, it is a very complica- 
ted operation. But the same dfect may be produced with the great- 
est facility, by the action of the Voltaic battery, which this will give 
me an opportunity of exhibiting. 

Caroline, I am very glad of that, for I longed to see the power of 
this apparatus in. decomposing bodies. 

Mrs, B For this purpose 1 fill this piece of glass tube with wa- 

Fig. 18, ter, and cork it 

up^at both ends ; 
through one of 
the corks I intro- 
duce that wire 
of the battery, 
which conveys 

the positive elec- 
Api«Mt»if«rth«d«oB|M«ti«»ofw«t«rbyttaVotoio trfcity ; and the 

455. What are the means of decomposing water ? 

456. What is the difference between the uaioa of oxygen and ni- 
trogen, and the union of oxygen and h ydfogen ? 

457. May water be considered an oxyd? 

458. What is the inconvenience of deioomposing water by the ox- 
ydation of charcoal or metals .' 

469. How may water be decomposed by the use of the Voltaic 
battery ? 
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flie otiber cork, so tiiat ifae nro wires approach each other suificieDtiy 
near to me out their respectiFe electricities. 

CaroSne. It does not appear to me that yon approach the wire^ 
SD near as yon did when yon made the battery act by itself. 

Mrs. B, Water bmg a better condnctor of electricit]r than air, 
the two wires will act on each other at a greater distance in the for- 
mer, than in the latter case. 

Emily. Now the electrical effect appears: I see small bobbles 
of air emitted from each wire. 

Mrt. S> Each wire decomposes the water ; the positive bjr com- 
bining with its oxygen, which is neg^ative ; the negatiye by combi- 
ning with its hydrogen, which is positive. 

Oarokne, lliat is wonderfully carious I bntwbat are the small 
bubbles of air? 

JUrs. B. Those that appear to proceed from the positive wire, 
are the result of the decomposition of the water by that wire. "1 bat 
is to say, the positive electricity havin? combined with some of the 
oxygen of the water, the particles of hydrogen which were combi- 
ned with that portion of oxygen are set at liberty, and appear in the 
form of smaD bubbles of gas or air. 

Emily. And I suppose the n^^tive fluid, having in the same 
manner combined with some of the hydrogen of the water, the par- 
ticles of oxygen that were combined with it, are set free, and emit- 
ted in a gaseous fonh. 

Jlfr«. B. Precisely so. But I should not forget to observe, that 
the wires used in this experiment are made of platina, a metal which 
is not ca|)able of combming with oxygen ; for otherwise the wire 
would combine with the oxygen, and the hydrogen alone would be 
disengsu^ed. 




tnc 

positive 

and the hydrogen gas be given out? 

JUn, B. No ; for as you may recollect, the battery cannot act 
unless the circle be Completed ; since the positive wire will not give 
out its electricity, unless attracted by that of the negative wire. 

CaroUne. I understiind it now — But look, Mrs. B., the decomposi- 
tion of the water which has been goin^ on for some time, does not 
sensibly diminish Its auantity -what is tne reason of that f 

Jdrs, B. Because the quantity decomposed is so extremely small: 
If you compare the density of water with that of the gases into 
which it is resolved, you must be aware that a single drop of water 
is sufficient to produce thousands of such small bubbles as those you 
now perceive. 

Caroline* But in this experiment, we obtain tiie oxygen and hy- 
drogen gases mixed together. Is there any means of procuring Oe 
two gases separately f 

M'g, B, They can ba collected separately with great ease by 

460. Which is the best conductor of electricity, water or air? 

461 . What remarkable property has phttina ? 

462. Whycammt water b« decomposed unless the electric circle 
is completed? 
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Biodi^iiig:alttdethe«sperimeiit Thus, ifinsteadofone tube, we 

empbj two, as you see here (c, d,) (Fig. 19,) both tubes beine clo< 

Fig, 19. sed at one end, and open at the other ; 

^ and if after filling these tubes with water, 

we place them staodiog in a glass of water, 
(e) with their open end downwards, you 
will see that the moment we connect the 
wires (a,b,) which proceed upwards from 
the interior of each tube^ the one with one 
end of the battery, and the other with the 
other end, the water in the tubes will be 
decomposed ; hydrogen will be g^ven out 
round the wire m the tube connected with 
the |X)sitiTe end of the battery, and oxy- 
gen in the other; and these gases will be 
eyolved exactly in the proportions wbich 

Appmt» for deco.po.iiv w.t« ' *^*^« ^^^^ mentioned, namely, two 
by YoUak Kbetrioitj kod obtainior mcasores oi hydro^o tor one of oxygen. 
thm gnm Mpinte. W© shall uow begin the experiment, but 

it wQH be sometime before any sensible quantity of the gases can be 
collected. 

Emily. The decomposition' of water in this way, slow as it is, is 
certainhr very wonderful ; but I confess that I should be still more 
g^ratified, if you could show it us on a lai^r scale, and by a quicker 
prooess. I am sorry that the decomposition of water by charcoal 
or metals is attended with so much inconvenience. 

JUrt* B. Water may be decomposed by means of metals without 
any difficulty ; but for this purpose the intervention of an acid is re- 
quired. Thus, if we add some sulphuric acid (a substance with the 
nature of which you are not yet acqumnted) to the water which the 
metal is to decompose, the acid enables the metal to cpmbine with 
the oxygen of the water so readily and abundantly, that no heat is 
required to hasten the j)rocess. Of this 1 am going to show you an 
instance. I put into this bottle the water that is to be decomposed, 
the metal that is to effect that decomposition by combinin|f with tbe 
oxygen, and the acid which is to facilitate the combination of the 
metal and the oxygen . Tou will see with what violence these will 
act on each other.* 



* To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a gill of water, ana 
drop into it about an ounce of zinc, granulated by melting, and 
pouring it into cold water. Then pour m half an ounce by measure 
of sulphuric acid, and immediately put the cork into its place, and 
pluiu;e the other end of the tube undfer a receiver, or large tumbler, 
fiUea with water, and inverted in tbe water bath. The flask ^rows 
hot and the gas begins to rise, the instant the acid is poured in; a 
p]ai6e therefore must previously be prepared to set it ; and if nothing 
better is at hand, a bowl, with a cloth in it, to prevent breaking 
the flask, and set at a convenient height will do ver}' weU. - i 

463. How can water be decomposed so as to procure the two gaaen 
separate? 

4641 How may water be decomposed by means of iron filings f 

10* 
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OnraSne. Bat wM nietid is it ttat 9«« mnp^ inr «tt|»iir|MKr 
JIfrtf. B. TtiBtrmi; anditfe vsedfotiieBttteorfili&fi, astliese 

fluent a greater sat&ce to the M»d ten a solid piece of metal, 
'or as it is the BinflKeaf tSie metal whioh 18 ectad upon by tiw Bci^ 
and is disposed to leceire the oxjgen produced by the deooiBposi- 
tion of the water, it necessaMly follows that tiie greater is the sor- 
&ce, the more oonsiderable is the effeet The babbles which are 
BOW rising on the hydrogen eas— 
Caroline, Howdisu^reeaUeitsmeUi! 

Mn. B. It is indeed QB^easaat, though 1 believe not p^rticularlj 
hurtful. We shaH not, howevek', suffer any more to escape, as it 
will be wanted fer experiments, l^shall tnereibre collect it m a 
glass-receiver, bf making it pass through this bent tube, which wiU 
conduct it into the Vatcr-bath (Fig. 20. No. 1.) 

(Fig. 20.) 




1. Apptntni for prepftiini^ and eeUcctiait hjdrogcn fu. 3. &Bc«iv«r fall of bydrofM gas 

■ iafHted oTor water. 

Emily . How very rapidly the gas escapes ! it is perfectly trans- 
parent, and without anv colour whatever. IS ow the receiver is fuU. 

Mrt* B* We shall tnerefore remove it and substitute another ia 
its place. But vou must observe, that when the receiver is full, it 
is necestteary to keep it inverted with the mouth under water, other- 
wise the gas would escape. And in order that it may not be in the 
way, I introduce within the bath, under the water, a saucer, into 
t^hich I slide the receiver, so that it can be takeo out of the bath 
and conveyed any where ; the water in the saucer being equaUy ef- 
fectujd in preventing its escape as that in the bath. (Fig. 20. No.2. ■ 

EmUy, 1 am quite surprised to see what a large quantity of hy- 
drogen gas can be produced by so small quantity of water, jespeci- 
ally as oxygen is the principal constituent of water. 

Mrs, B. In weight it is; but not in volume. Fpr though the pro- 
portion, by weight, is nearly eight parts of oxygen to one of hydro- 
gen, yet the proportion of the volume of the gases is about one part 

465. Why are iron filings, in this experiment, better than a solid 
piece of metal .^ 

466. How may hydrogen gas be collected as the water is decom- 
posed ? 

467. What are the proportions of oxygen and hydrogen in water ' 
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of oxj^en to two ofliy^ro{fett ; wo tatteh bMf i6r is tte femiertliaii 
the laitefi.* 

ijaroline* Bat why is the vesael in which the water is decomposed 
so hot f As the water chaoses from a liquid to ag^aseoOB form, cold 
sboQld be produced instead of heat. 

Mrs, B, No ; for if one of the constitnents of water is Conrert- 
ed into gas, fbe other becomes solid in combining with the metal. 

EmUy» In this case, then, neither heat nor cou should be produ^ 
cedf 

Jtfr*. B. True ; but observe that the sensible heat which is dis- 
engaged in this operation, is not owing to the decomposition of the 
water, but to an extrication of heat produced by Uie mixture of wa- 
ter and sulphuric acid. I will mix some water and sulphuric acid 
together in this glass, that you may feel the surprising quantity of 
heat which is disengaged by their union — now take hold of Ae glass. 

Carolint. Indeed 1 cannot ; it feels as hot as boiling water. I 
should have imagined there would have been heat enough disenga- 
g^ed to bare rendered the liquid solid. 

Jlfr#. B. As, however, it does not produce that effect, we cannot 
refer this heat to the modification called latent heat. We tik2y how- 
ever, I think, consider it as heat of capacity, since the liquid is con- 
densed by its loss ; and if vou were to repeat the experunent, in a 
g'raduated tube, vou would find the two liquids, when mixed, occu- 
py considerably less space than they did separately. But we will 
reserve this to another opportunity, an4 attend at present to the 
hydrogen gas which we have been producing. 

If I now set the hydrogen gas which is contained in this receiver 
at liberty all at once, and kindle it as soon as it comes in contact 
with the atmosphere, by presenting it to a candle, it will so sudden- 
ly and rapidly decompose the oxygen gaa, by combining with its ba- 
sis, that an explosion, or a dHontiHon (as chemists commonly call it) 
will be produced. For this purpose. 1 need only take up the receiv- 
er, and quickly present its open mouth to the candle— —so . . . 
\ Caroline, It produced only a sort of hissing noise, with a vivid 
flash of light. I had expected a much greater report. 

JIf rf . B» And so it would have be^n, had the gases been closely 
confined at the moment they were made to explode. If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we B£>uid kindle 
the mixture by a very fine orifice, from the sudden dilatation of 
the gases at the moment of their combination, the bottle must either 
fly to pieces, or the cork be blown out with considerable violence. 

CairilHne, But in the experiment which we have iust seen, if you 
did not kindle the hydrogen gas, would it not equally combine with 

the oxygen? 

Jifrf. B. Certainly not : for, as I have just explaioed to you, it is 
necessary that the oxygen and hydrogen gases oe bu^ot together. 
in order to combine cnemically and produce water. 

^Hydrogen is about 13 times lighter than atmospheric air.— C. 



468. How much lighter is hydrogen ihan common air ? 

469. How can hydrogen gas be made to produce an explosion 
with a loud report .' 

470. How can the experiment named be varied so as to produce 
a loud report ? *^ 



lie 

CorafiM. Thtti* true; Imt I Ao«(ht tkkm a difcront com- 
bination, for I see no wktcr produced' 

Mn- B. Tbe water rwultiDg: from Uiii detoaaticowM so email 
in qnantitj, and in such a state ormiouteiliTUMa, ai (o be ioTwible. 
But vaterGertsialfvai produced; fi» oxygen itinc^wbleofcom- 
liiniiig witb hydrogea in any other proportioiu tfaan tboM irhich 
fonn water; therefore, water miutalwajibe the remit of their 
cembinatioo. 

If, iaitead of briDgieg the hydMg«D g;aa into snddea contact with 
tbeatmoapbere, (aa we did jnstDow,) aoaa to niake the irtioleofit 
explode the mament it is kindled, we allow bnt a rery (mail aar&ce 
ofgaa, to bum incoDtactwiththeatmoaphere,theoon)bu«tkiDg«ie9 
on (|uietly and gradually at the point ofcantaoi, without any deto- 
nation, becaute the snrraoes brought together are loo unall for the 
immediate unia a of (be gates. Tbe eiperiment is a very eaiy one. 
This phial, with a narrow neck, ' Fig- Jl, No. 1 .) ta fall of hydrogen 
gai, and ii carefnllj corked. If I take oat the cork witbont mo- 
Ting tbe phial, and quickly approach ihe caudle to the orifice, yoa 
wilTiee how different the result will be * 

(fit- 11.) Emily. How prettily it hnrni, with a btoe flame ! 
Ik ■ Tbe flame is gradually sinking within the phial— 

now it has entirely disappeared. But doea not this 
combustioD likewise produce water i 

Mrs. B. Undoubtedly. In order to make tbe 
formation of tbe water sensible to yon I shall procuie 



ilpharic acid, materials similar to [hose which we 
bare just used for the same purpose. I shall then 
cork up the bottle, leaving only a small orifice in 
the cork, with a piece of glass. tube fixed lo it, 
through which the gas will issue in a continued rapid 

Caroline, 1 hear already the hisaing of the gat 
through the tube, and 1 can feel a stroog current 
against my baud. 
■ JUr: B. This carrent I am going to kindle with 

I the candle— see bow riridly it bums 

r._;i.. I. 1 '■'-Bacaodle with a great flame. 

bustion last so much longer 

.[ b.d'""""*"?''''^'' '° '^^ former experiment.' 
ApT^uJftfmim.- •^'''•^- ThecorabustioQgoesonuninterrnptediT 
*.» ^ fcruti°. rfas long as tbe new gas continues to be prodoced.— 
^'•^ji^^^''^"" '^^ iaven this recoiter overthe flame, you will 

'The levity of hydrogen is such, tliat if a'vessel be filled with it. 
and keptinverted, it may be carried about (be room without its ea- 
capmg. The above experiment therefore may be made by bring- 
j ng a sma ll jar, or tumbler of gas over a lighted lamp.— C. 

471. Can oxygen and hydrogen combine in any other oropor- 
tions than to produce water ? j r r 

471 What is represented in figure S) ? 

473. Howcanit bemadelobumlikeacandlef 

474. ifaninvertedreceiverfiUedwith hydrogen gaa be holdover 
the name of alamp, what will be seen on iU internal aurfkce? 
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momfifnme iti intsimd sofAoe eot erisd witii zrtty fiM deir, 
vhion 18 pure water. — * 

CatoHne. Yes. indeed ; the f^an is neir <|iiile dim withmolflt- 
ore ! How gladi am that we can aee the water produced by thfe 
combestioa. 

MSmfy, It is exactly what liTas anxious to see ; for I confess I 
was a little incredoloos. 

Jdrt. B, If I had not held the glass bell orer the flame, the wa- 
ter would have escaped in the state of vapour, as it did in the for; 
mer experiment. We hare here, ctf course, obtained but a very 
small quantity of water ; but the difficulty of procuring a proper 
apparatus, with sufficient quantities of gases, prevents my showmg 
it you on a larger scale. 

The composition of water was discovered about the same period, 
both by ^r. Cavendish, in this country, and by the celebrated 
French chemist, Lavosier. The hitter invented a very perfect and 
ingenious apparatus, to perform with great accuracy, and upon a 
larre scale, the formation of water by the combination of oxygen, 
and hydrogen gases. Two tubes, conveying due proportions, the one 
of oxygen the ^er of hydrogen gas, are inserted at opposite sides of a 
lai^ globe of glass . previously exhausted of air ; the two streams of 
gas are kindled within the globe, by the electrical spark, at the point 
where they come in contact ; th^ burn together, tiiat is to say, the 
hydrogen combines with the oxygen, the caloric is set at liberty, 
and a quantity of- water is produced, exactly, equal in weight to 
that of the two gases introduced into the globe. 

Caroline, And what was the greatest quantity of water ever 
formed in this apparatus ? 

Mrs. B. Several ounces ; indeed, very nearly a pound, if I re- 
collect right ; but the operation lasted many days. 

Emily. This experiment must have convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were mixed and set fire to, what would be the result ? 

Ur». B. Water would equally be formed, but there would be a 
residue of either one or other of the gases, because, as I have al- 
ready told you, hydrogen and oxygen will combine only in the pro- 
portions requisite for the formation of water. 

Emily. Look, Mrs. B. our experiment with the Voltaic battery, 
[See Fi^. 19,) has made great progress ; a quantity of gas has been 
formed m each ^ube, but in one of them there is twice as much as 
in the other. 

Mtm B. Yes ; because, as I said before, water is composed of 

*The burning of a candle, laihp, wood, &c« always produces wa- 
ter. The tallow and oil contain hydrogen, and durmg combustion, 
it unites with the oxygen of the atmosphere. Hold a wide tube over 
a lamp, and it is soon covered with moisture. Wood contains hy- 
drogen.-— C 

475 How it water produced by the burning i^ a candle j lamp^ 'Sgc? 

476. What chemists discovered the composiGbn of water ? 

477. How would you describe the apparatus invented by Lavoi- 
sier for converting oxygen and hydrogen gases into water f 

478« What would be the result if other proportions of m^gen 
and hydrogen gases wefe mixed than is proper for the prodnction of 
water? 
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twoyofatmesof bydrqg«iitooBeofoK3Fgeii--*«iidifwe fihinild,wnr, 
mix these gases togei&r and set fire to them by an dectiical spark, 
both gases would entirely disappear, and a small qnaatity of water 
would be formed. 

There is another cnrions effect produced by the combustion of 
hydrogen gas, which I shall show yon, thourh I must acquaint you 
first, that I cannot well explain the cause of it. For thift purpine, I 
must put some materials mto our apparatus^ in order to obtain a 
stream of hydrogen gas, just as we ha?e done before. The process 
is already going on, and the gas is rushing through the tube, I shall 
DOW kindle it with the taper. 

^ Emily. It bums exactly as it did before— What is the corious 
effect which you were mentioning ? 

Jtfr«. B» Instead of the receiver, by means of which we hay- 
just seen the drops of water form, we shall inrert over the flame this 
pieceof tube, which is about two feet in length, and one inch in diam- 
(Fig. 22.) eter, but you must observe that it is open at both ends. 
fUmily. W hat a strange noise it produces ? something 
like the ^oltan harp, but not so sweet. 

Caroline, It is very singular indeed ; but I think rath- 
er too powerful to be pleasing. And is not this sound 
accounted for ? 

Mrs, B, That the pereussion of glass, by a rapid 
stream of gas, should produce a sound, is not extraor- 
dinary ; but the sound here is so peculiar, that no other 
gas a has similar effect Perhaps it is owing to a brisk 
vibratory motion of the glass, occasioned by the succes- 
sive formation and condensation of small drops of water 
on the sides of the glass tube, and the air rushing ia to 
replace the vacuum formed.* 

Caroline. How very much this flame resembles the 
burning of a candle. 

Mrs. B The burnmg of a candle is p'roduced by much 
the same means. Ag^eatdealofhydroeenis contained 
in candles, whether of tallow or wax. This hydrogen be- 
ing converted into gas by the heat of the candle, com- 
lines with the oxygen of the atmosphere and flame and 
tvater result from the combination. So that in fact, the 
App»mi» .'orflan^® ^^ ^ candle is owing to the combustibn of hydrogen 
prodacbp H*r-ga8. Au elevatiou of temperature, such as is produced 
moaiesoinidsbygy a lighted match or taper, is required to give the first 
ofhydr^n^^'iinpulse to thc combustion ; but Mterwards it goes on of 
ijtselh because the candle finds a supply of caloric in the successave 
quantities of heat which result from the union of the two electrici- 
ties given out by the gases during their combustien. But there are 
other cireumstdnces connected with the combustion of candles smd 
lamps, which I cannot explain to you till you are acquainted with 
eat^ofi, which is one of their constituent parts. In general, howev- 
er, whenever you see flame, you may infer that it is owing to the 

*Thi8 ingenious explanation was first suggested by Dr. Delarive. 
See Journals of the Koyal Institution, vol. i. p. 259. 

* " ■' ■» ■ «» ■■.»— ^■i — ■■^^ ■ — ■ ' ill^l— ■■■■ ■ !■■■■■ ■■ II-. ■■ .I.. MM II I ^,— 

479. What curious experiment n exhibited in figure 22 ? 
4S0. How is a common candle made to bum ^ 




.formatioD and barmaid of bjdn>geD ga8*f ; for flame is fbe peco-" 
liar mode of bimnig hydrogen ras, which with only one or two a^ 
parent exoeptionB, does not bdone* to any other combustible. 

Emify. You astonish me ! I un&rstood that flame was the ca- 
loric produced by the union of the two electricities, in all combus- 
tions whatever ? 

Mn- B. Your error proceeded from your Va^ue and incorrect 
idea of flame; yon have confounded it with h^ht and caloric in 
ipeneral. Fbune always implies caloric, since it is produced by* 
the combustion of hydrogen ^ ;• but all caloric does not imply 
flam^. Many bodies burn with intense heat without producing 
flame. Coals for instance, bum with flame, until all the hydrogen 
which they contain is evaporated; but when they afterwards oecome 
red hot, much more caloric is disengaged than when they produce 
flame. 

Caroline. But the iron wire, which you burnt in oxygen gas, ap- 
peared to me to enjit flame ; yet, as it was a simple metal, it could 
contain no hydrogen. 

«Vr#. B. It produced a sparkling, dazzling blaze of light, but 
oo real flame. 

Emily. And what is the cause of the regular shape of the flame 
of a candle f 

Jtfrt . B. The regular steam of hydrogen gas, which exhales from 
its combustible matter. 

Caroline, But the hydrogen jps must, from its gp*eat levity, as- 
cend into the upper re^^ns of the atmosphero ; why, therefore, 
does not the flame continue to accompany it ? 

Jlfr«. B, The combustion of the hydrogen gas is completed at the 
point where the flame terminates .* it then ceases to be hydrogen 
.^fas,asit is converted, by its combination- with oxygen, into watery 
vapour ; but in a state of such minute division as to be invisible. 

Co^n^ae. I do not undentand what is the use of the wick of a 
candle, siboe the hydrogen gas bums so well without it. 

JITrf. Bm 'The combustible matter of the candle must be decoih- 
posed in oider to emit the hydrogen gas : and the wick is instru- 
mental in effecting this decomposition. Its combustion first melts 
the combustible matter, and-^ 

Caroline. But, in lamps, the combustible matter is already fluid, 
and vet they also require wicks. 

jtre. B. I vn going to add, that afterwards, the burning wick 
(by the power of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; for you must have ob- 
jserved that the wick does not bum quite to the bottom. 

""Or rather hydro*carbonal a gas composed of hydrogen and car- 
bon, which will be noticed under the head Carhcn. 

f The candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is 
a quantity of carbonic acid. C 

481. What is ioid in the noie of the burning of a candle ? 

482. What is flame ? 

483. How lour will coals bum with flame ? 

484. To what is the regular shsipe of the flame of a candle owine ? 

485. If the flame of a candle is produced by Hydrogen gas, why 
is the wick necessary ? 
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Q$r9lme. Yes; but 1 4o not vndvftmd whjifcioesnot 

J€t9.B, Beeaiufi the »ir haB ootso&eean eceess tothatpait 
of the wickwblchisiiDmediatdirwcoDtet with the candle as to 
the part iuft ahoYS, ao that the heat there is not sufficient to (»ro- 
dnoe its decomposiuon ; the combustion, therefore, begins a btt&s 
above this -point* 

Caroline. Bat, Mrs. B., in those beantiibl lights, called gas* 
lights, which are now seen in so many streets, and will, I hope, be 
soon adopted every where, I can perceive no wick at all. How 
are these lights managed? 

J^r»» B. I am gkid tou have put me in mind of saying a few 
words on this very useful and interesting improrement. In thiapsede 
«f lighting, the gas is conveyed to the extremity of a tnbe,irbere 
it is kindl^ and bams as long as the supply continues. There is 
therefore, no occasion for a wick, or an^ other fuel whatever. 

£ffttJV. But how is this gas procured in such large quantities .' 

Jdra. B. It is obtained from coal, by disliUation. Coal, wh^ 
exposed to beat in a close vessel, is decomposed; and faydvo^pen. 
whichis oneofitsconstitaents, rises in the state of gas,coanbmed 
wiUi another of its component parts, carbon, forming a componnd 
gas, csdled flydro-CarbomU, the nature of which we shall again 
have an opportunity of noticing when we treat of carbon. This gas, 
like hydrogen* is perfectly transparent, invisible, and faif hly in- 
flammable ; and, in burning, it emits that vivid tight which yoo 
have so often observed. 

C0aroHne. And does the process for procuring it require nothing 
but beating the coals, and conv^iog the gas through tubes ? 

Mr$,B Npthing else, except that thegas must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,t in which it deposits some other ingredients, aiw especially 
water, tar, and oil, which also arise from the distillation oT coals.'. 
Thei^-light apparatus, therefore consists simf^yin alan^ iron 
vessel, in which the coals are exposed to the heat of a fomace, — 
some reservoirs of water, in which the gas deposits its imparities, 
and tubes that convey it to the desired spot, being propelled with 
uniform velocity through the tubes by means of a certain degree of 
pressure which is made upon the reservoir. 

""In the burning of a candle, the reason why combustion does 
not take place in immediate contact with the tallow* is. that the ca- 
loric is here employed in converting a solid into a fluid, as explained 
in the conversation on free caloric. In the hnrninr of a lamp, if the 
same thing tabes place, it is because the roetaUac tube through 
which the wick passes, conducts off the heat.— C 

f The gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distilW.-^C. 

486. Whfff a a that the tokk of a ctmile dounot burn toihe hot- 
4om? 

487. How are gas lights made to burn without wicks ? 

488. What is the gas called, used in lighting the streets of some, 
laiage cities? 

489. How is it obtained P 

490. Of what does the gas light apparatus consist ? 



Ktaily. ^bat an admirable oontrivance ! Doyoa not think, Mn. 
B., that it will soon be onirenally adopted ? 

JUrt» S* Most probabl J ; for the purpose of lighting streets offl- 
GBSy-and public places, it for surpasses anj former invention : bat in 
regard to the interior of prirafe houses, this mode of lighting has not 
yet been sufficiently tried to know whether* it will be found gene- 
rally desirable, either with respect to economy or convenience. It 
ma^, however, be considered as one of the happiest applications qf 
cheraristry to the comforts of life; and there is every reason to sup- 
pose that it will answer the full extent of public expectation.. 

I have another experiment to show you with hydrogen gas, which, 
I think« will entertain you. Have you ever blown bubbles with 
soap and water ? 

Emily* Tes, often, when I was a child ; and I used to make them 
float in the air by blowing them upwards ? 

jifrs, B. We shall 011 some bubbles with hydrogen gas, instead 
of atmospheric air^ and you will see with what ease and rapidity 
they will ascend, without the assistance of bIowing,,from the light- 
ness of the ffai.-^Will you mix some*5oap and water, whilst I fill this 
"bladder with the gas contained in the receiver which stands on the 
shelf in the water bath ? 

Caro/ifttf. .What is the me of the brass-stopper and turn-cock at 
the top of the receiver ? 

JIf r«. B. It is to afford a passage to the gas, when required. There 
5s, you see, a similar stop-cock fastened to this bladder, which is 
xoade to fit on the receiver. I screw them one on the other, and 
now turn the two cocks, to open a communication between the re* 
ceiver and the bladder ; tnen, by sliding the receiver off the shelf^ 
and (rently sinking it into the bath, the water rises in the receiver, 
and Ibrces the gas into the bladder. (Fig. 23, No. J.) 
. CkiroUne, Tes. I see the bladder swell as the water rises in the 
Teceiver. 

JUrs. B. I think that we have already a sufficient quantity in tbe 
bladder for our purpose : we must be careful to stop both tKe cocks 
before we separate ttie bladder fj^m the receiver, lest tbe gas should 
O8cape.—Now I must fix a pipe to the stopper of the bladder, and by 
dipping its mouth ioto the soap and water, take up^ few drops : then 
I again turn the cock, and squeeze the bladder, in order to force the 
gas into the soap and water, at the mouth of the pipe. (Fig. 23, No. 2. ) 

Emily. There is a bubble ; but it bursts oefore it leaves the 
month of the pipe. 

Mrs. B, We must have patience and try again ; it is not so easy 
to blow bubbles by means of a bladder, as simplv with the breath. 

CaroHne. Perhaps there is not soap enough in the water. I should 
have had warm water ; it would have dissoTred the soap better. 

Emily. Does not some of the gas escape between tbe bladder and 
tbe pipe ? 

491 . What is said of lighting streets, offices, and public places 
with this gas? 

492. How can bubbles of soap and water be made to float in the air •' 
How can these bubbles be made so as to explode on setting fire to 

them? (Seepage 123.) 

493. What is represented in 23, No. 1 and 2 ? 
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Fig-tt. 




JYe. I. Afftntm for truHHimaf ftfm Omb « RM«mr tate a bli^do-. No. 9*, AjftMlm fer 

blewiac Beap Mftb)a«. 

Jfff. B. No ; they are perfectly air tight'; we shall sao^eed pre- 
sently, I dare say. 

Canlme. Novr a babble ascends ; it moves with Uie rapidity of a 
balloon. How beantifally it refirapts the light. 

Emily, It has burst against the ceiling— you SQcceed now won- 
derfnlly ; bnt why do they all ascend ana burst agidnst the ceilin|r i 

Jin, B. Hydroffen gasis so nnch lighter than atmospherical air, 
that it ascends raplAy witb its rery light envelope, which is burst 
by the force witii which it strikes tlie ceilins. 

Air-balloons are filled with this gas, and if they carry no other 
weight than their corering, would ascend as rapidly as these babies. 

fJaroUne^ Tet their covering must be maoh heavier than that of 
these bubbles ? 

Jlfr«. B. Not in proportion to the quantity of gas they contain. I 
do not know whether you have ever been present at the filling of s 
large ballobn. The apparatus for that purpose is ver^jr simple. It 
consists of a number of vessels, either jars or barrels, in which the 
materials for the formation of the gas are mixed, each of these be- 
ing fhmished with a tube, and communicating with a long fiezible 
pipe whipfa conveys the gas into the balloon. 

EmUy, But the fire-balloOns which were first invented, and have 
.been smce abandoned, on account of their being so dangerous, 
were constructed I suppose, on a difierent principle. 

' Jlfr«. B. They were oiled simply with atmospherical air,consider* 

■ ■ . ^..1- ■ — ' — ' ■ ■ 

494« Witb what are air balloons filled ? 

495. What is the apparatus for filling a large balloen with hydro* i 
gen gas ? 

496. With what were fire balloons ^lled I 

497. Why were they abandoned? 
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ubly rarefied by heat ; and the necessity of havii^ a fire imdeniealh 
the baOoon, in order to preserve the rarefiabctiocrof the air within it, 
was the ciroumstance productive of so much danger. 

If you are not yet tired of experiments, I have another to sliow 
yon. It consists in filling soap-bnbbles with a mixture of hydrogen 
and oxygen gases, in the proportions that form water ; and aner* 
wards setting fire to them. 

Emily, liiey will detonate, I suppose. 

Jtfrv. B. Tes, th^ will. As ][0U have seen the method of trans- 
ferring the gas from the receiver iato titie bladder, it is not necessary 
to repeat it. I have therefore provided a bladder which contains a 
due proportion of oxygen and hydrogen gases, and we have only to 
blow bubbles with it 

Ooirolttte. Here is a fine large bubble rising— shall I set fire to it 
with a candle ? 

JIfrt. B» Ujoa i^ase— 

(Caroline. lleavels, what an explosion !*— It was like the report 
of a ^n : I confess it firightened me much. I never should have 
imagined it could be so loud. 

Emily, And the flash was as vivid as lightning. ' 

Jifrt. B. The combination of the two gases takes place during 

at instant of time that you see the flash, and hear the detonation. 

EmUy. This has a strong resemblance to thunder and lightning.f 

JIf rt. B. These phenomena, however, are generally of an electri- 
cal natnre. Yet various meteoroligical efi^ects may be attributed to 
accidental detonations of hydrogen gas in the atmosphere ; for nature 
abounds with hydrogen ; it constitutes a very considerable portion 
of the whole mass of water belon^ng to our globe, and from that 
scarce almost every body obtains it It enters into the composition 
of all animal snbstaoices, and of a gMt number of minerals ; but it 
is most abundant in vegetables. From this immense variety of 
bodies it is often spontaneously discharged ; its great levity ma^es it 
rise into the superior regions of the atmosphere ; and when, either 
by an electrical spark, or any casual elevation of temperatui^, it 
takes fire, it may produce such meteors or luminous appearances 
as 9ie ocinsionauy seen in the atmosphere. Of this Idnd are pro- 
bably those broad flashes which we often see on a summer evening, 
without hearing any detonation. 
• Emiiy, Every flash, I suppose, must produce a quantity of water > 

Cofotine, And this water, naturally, descends in the form of rain. 

Mrg. B. That probably is often the case, though it is not a neces- 

* In making this experiment, always be careful to turn the stop- 
cock, or detadk the bubble completely from the pipe before it is set 
fire to; otherwise a sad accident may happen from the gas taking 
fire in the bladder.— C. 

The report is owing to the air, rushing in to fill the vacuuni, 
caused by the condensation of the two gases, and the heat extrica- 
ted at the same instant--^. 

498. How can bubbles be made of soap and water so as to explode 
with a loud report; on setting fire to them ? 

4W. To wAol w a fOul M <^ fiole iAof tte fworf it owtf|gr.^ „ 
. 500. In what snhstances is hydrogen most amindant .^ 

.501. How may heatUghtning be acoonntod for ? 



in the fonn of c1m4i» 

llwfippikMlioaiafeleplirio^ to ohemiciU ph — o bmh w is 

ttkelr to leMt to mof T«r j iat^restiiHi^ disGoveried ia meteorology ; 
ftf ^ikotiicity ef»de»ti()r w>ts » loo^t unjportuit part i^ the utMOOB- 

}>here. This sabject, howerer, is, as yet, not sujlciently developed 
or me to ventare enlarging upon it. Tbe phenomena of the atmos' 
phere are hr fnpm i^eing well understood : and even vrith the little 
tfiat is Imown* I am but imperfectlv acquainted. 

But belore we take leave of hydrogen, 1 must not omit to men- 
tion to you a most interesting discovery of Sir H. Davy, which is 
conected with this subject. 

CaroUne. Ton aUude, I suf^KMe, to the new miner's lamf»» which 
bas of late been so much talked of. 1 have long been desirous of 
knowing what that discovery was, and what puppse it wajs intended 
to ansyvvr. ▼ 

JUrs, B. It often happens in coal-mines, that quantities of the 
gas called by chemists kydr<hcarbonat^ or by the mineiB fire dtm^py 
(the same from which the gas lights are obtamed,) ooze out from ns- 
mres in the beds of coal, and fil the cfiivities in which the meo are 
at work : and this gas being inflammable, the consequence it, that 
when the men ^f^oacb those places, with a lighted candle, tbe gas 
takes fire, andepEplosioos happen, which destroy the men and boraes 
^plojred in that part of the colliery, sometimes in (p*eat namben. 

£|M/y. Wbat tremendoAs accidents these must be ! But wbence 
doea that gas originate i 

Mrs, p. Being (he chief product of the combustion of ooalv no 
wonder that indammable gas should oceasionaUy appear in tiUia- 
tions an i^biej^ this miaerii abounds, «i9ce there CfUrMHO doubt 
4iiat piD^m^B iif Qonfoibltron are frequently taking place at a great 
depth under tbe aqrftioe of the earth; and, therefore, these accu- 
mulatJiOAs Qf gas may arise eitiier from combustions actually going 
en, or fr<^ former combustions, the gas having perhaps been 
eonfinetd there lor ages. 

Cart^im* And how does Sir. H. Davy's lamp preyent those 
dreadful esfdosions ? 

Jdrs. iB. By a contrivance equally simple and ingenious; and 
^ne wbic^ 4o^ no less credit to the philosophical views from which 
it was deduced, tiian to the philanthropic motives from which the in- 
quiry sprofig. The principle of the lamp is shortly this : It was as- 
eertained two or thrto years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated throuf^h small tubes ; so that if a jet of an inflam- 
maUe ffaseoas mixtuire, issuing from a bladder, or any other vessel, 
tbrouffh a small tube, be set fire to, it buriis at the orifice of the 
tube, out the flame never penetrates into the vesseU It is upon this 
ftct that Sir Humi^brey's safety lamp is founded. 

Endly. But why does not the flame never penetrate through the 

GQ8. Is It supposed that the subject of meteorology is well under- 
stood? 

503. What disastrous effects often happen in coal-mines? 

504. Whenbe does the hydrogeii gas in mines ori^ate ? 

* 506. Upon what discovery of Mr. Tenant and Sir H. Davy was 
the miners safety lamp founded ? 
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tube into tbe vessel fradi which the gas issues, so its to eiplodemt 
oiK^e the whole of the g;a9 f "! 

Mrs, B. Because, no do«bt, the inflamed gat is so much cooled in 
its passage tbroo^ a small tube as to cease to burn before the com- 
bustion reaches nte reservoir. 

Caroline. And how can this principle be applied to the constmc- 
lionofa lamp? 

Jdr$ B, iNotbing easier.' You need only stippose a lamp enclosed 
all round in glass or horn, bi)t having a number of small open tubes 
at the bottom, and others at the top, to let the air in and out. Now, 
if such a lamp or lantbokn be carried into an atmosphere capable of 
exploding, an explosion or combustion of the gas will take place 
wUhin the lamp ^ and although tbe vent afibrd^ bv the tubes will 
save the lamp from bursting, yet'from the principle just explained, 
the combustion will not be propagated to the external air through 
tbe tdbes, so. that nb farther consequence will ensue. 

JEnUly. And is that all the mystery of that valuable lamp ? 

Jfrs.M, 1^0 ; intheearly past of the inquiry, a lamp of this kind 
was actually proposed ; but it was but a rude 'sketch compared to 
its present state of improvement. Sir H. Davy, after a succession 
of trials, by whieh he broqght his lamp nearer and nearer to perfec- 
tion, at last conceived the happy idea that if tbe lamp wwe surround- 
ed with a wire-work or wiie-gauae,^of a close texture, instead of 
glass or horn, the tubular contHvanoe I have just described would 
be entirely superseded, since each of the interstices of the g^uze 
would act as a tube in preventin|^.the prVpagation of explosions ; so 
that this pervious metallic cOVeriqj^ would answer the various^pur- 
poses of transparency, of permeabihty to air and of protection against 
explosion. This idea. Sir Uumpho^ immediately submitted to the 
test of experiment, and tbe result luis answered his most sang^uine 
expectations, both in his laboratory and in the collieries where it has 
already been extensively tried. And he has now the happiness of 
thinking that his invention will probably be the means of saving 
every jear a number of lives, which would have been lost in digging 
out of the bowels of the earth one of tbe most valuable necessaries 
of life. Here is one of these lamps, every every part of which you 
will at once comprehend. [Fig. S4.) 

Caroline. How very simple and in|^ious I. But I do not yet well 
see why an explosion taking place within the lamp, should not com- 
municate to the external airaround it, through the interstices of the 
wire? 

Jtfirt. B. This has been and is still a subject of wonder, even to 
philosophehrs ; and the only mode th^ have of explaining it is, that 
flame or ignition cannot pass throug^h a fine wire-work, because the 
metallic wire cools the flame sufficiently to extinguish it in passing 
through the gauze. This property of the wire-gauze is quite similar 
to that of the tubes which 1 mentioned on introducing toe subject; 
for yon may consider each interstice of the gauze as an extremely 
short tube of a very ^knall diameter. 

506. Why does not flame penetrate through a tube that conveys 
bydrogen gas so as to produce an explosion ? 
fi07. How wouM you describe tbe mmer's bunp i 
506. What is the use of the miner's lamp ? 
£09. Which Ague repraoDts the ddnmlamj^? 

11* 
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JSri.B. SalphnrUtbe 
■tance that comes under on 
atioD. It diffen in one eaM 
JTrtm tbe preceding-, as it 
solid form at the temperal 
atmosphere. 

Cantiae. I am g:lad that 
last a laiidbodv to examine; one that a. Uac 
wacao see and touch. Fray.isit nntiip~.>n. 
wiOi lulphur that the points of match- '°|, '''^'" 
«• are covered, to make them easilr r dh wirJ 
kindle? 



510. What is neceasaTj to produce eqdosiiau 10 in 
eena mixtDres ? 

511. la what itMfl does Hl^nreiiit.' 
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Jin, B. TeS) it is ; and yoa tbensfore, almdy know, that ttilfAiiir 
is a Tery oooibttstible substance. It is seldom discorered id nature ' 
in a pure unmixed state ; so ^reat is its affinity for otber substances 
that it is almost constantly found combined vAth some of tbem. It 
is roost commonly united with metals, under rarhras forms, and is 
separated from them by a very simple process. It exists likewite 
in many, mineral waters, and some Vegfetables yield it in various pro- 
portions, especially those of the cruciform tribe. It is also fbuod 
in animal matter ; in short it may be discovered in greater or less 
quantity in the mineral, vegetable and animal kingdoms.* 

Emiiy- 1 have heard oi flowers o/tulphur ; are they the produce 
of any plant ? 

Jlfr«- B. By no means ; they consist of nothing more than com- 
mon sulphur reduced in a very fine powder by a process called 
s7tbltnuUion» — ^¥ou see some of it in this phial ; it is exactly the 
same substance as the lump of sulphpr, only its colour is a paler 
yellow, owing k> its state of very minute division. 
Emiiy, Praj^ what is sublimation? 

Mn. B. It is-the evaporation, or more properly speaking, the 
volatilization of solid substances, which, in cooling condense again 
into a concrete form. The process, in this instance, must be per- 
formed in a closed vessel, both to prevent combustion, which would 
take place if the access of air were not carefully precluded, and 
likewise, in order collect tlie substance after the operation. As it 
is rather a slow process we shall not try the experiment now ; but 
you will understand it perfectly if I show you the apparatus used for 
the purpose, (fig. 25.) Some lumps of sulphur are put into a receiver 
Fig. 25. of this kind, which is called a cucurhiu 

Its shape you see somewhat resemb es 
that of a pear, and is open at the top, so 
as to adapt itself exadtly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath : this is nothing 
more than a vessel full of sand, which is 
kept heated by a fnmace,such as you see 
here, so a^ to preserve the apparatus in a 
moderate and uniform temperature. The 
sulphur then soon begins to melt^and im- 
mediately after this a thick white smoke 
rises,which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against tne sides, 
somewhat in the form of vegetation, 
whence it has obtained the name of flow- 
ers of sulphur. This apparatus, which 
is called an alemhic^ is highly useful in 
all kinds of distillations, as yon will see 

♦ The sulphur of oommerce ii chiefly obtained in the vicinity of 
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51S. In what may it be found ? , . « 

513. How do the flowers of sulphur diier from sulphur in a solid 

514. What 18 anblimatioB ? [state ? 

515. What does figure 25 represent? ^«-^».^,j . ^, 

516. From what it the name " Fkwren of SnlpWir*' derived ? 
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when we come to tt^tat of thoie opmtimis. Alembics ara not 
commonly made Qf glass, like this which is applicable only to dis- 
tillatioo upon a very smaliscale. Those usedrin mannfactttree are 
ffeoerally madfi^of copper^and are of course considerable larger. 
The general donstruction however, is always the same, althoagb 
their shape admits of some variation. • . . , . 

Caroline. What is the use of that neck, or tube, which bends 
down from the upper-piece of the .apparatus. 

Mrs. B. It is ot no use in sublimations ; but In distillations ^the 
general object 4)f which is to evaporate, by heat, in closed, vessels 
the volatile parts of a compound t)ody,and to condense them again 
into a liquid,) it serves to carry off the condensed fluid, which oth- 
erwise would fall back into the cucurbit. But this is rather for- 
eign to our present subject. . Let us return to the sulphur. Yon 
now perfectW understand I suppose, what is meant by sublimation ? 

Emity. I believe 1 do. Sublimation appears to consist in de- 
stroying by means of heiat, £he attraction ot aggregation of the par- 
ticles or a solid body, which are thus volatilized ; and as soon as 
they lose the joaloric wbieh produced that c^ect, they are deposit- 
ed in the form of a fine powder.. 

Caroline, Itseems-to me to be somewhat similar to the transfor- 
mation of water into \capov, which returns \p its liquid .state when 
deprived of caloric. 

Emily, There is t^is difference, ^however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. ' * - ' 

Mrs, B, Chemically speaking, it is exactly the same substance, 
whether in the form of lump or powder. For if this powder be 
melted again by ,heat, it will, in coolii^, be restored to the same 
solid state in which it was before its sublimation ? 

Carolina- But if there be no real chanee produced by the sub- 
limation of the sulphur, what is the use ofthat operation. 

Jtfri. jB. It^divides^^e sulphur into very minute parts, and thus 
disposes it to enter more readily into combination with other bodies. 
It is used also.as a means of purification. 

Caroline. Sublimation appears to me, like the beginning of com- 
bustion, for the completion of which one circumstance only is want- 
ing, the absorption oi oxygen! 

Mrs. B, But that circumstance is every thing. No essential al- 
teration is produced in snJphur by sublimation; whilst in combus- 
tion it combines with the oxygen, and forms a new compound totallj 
different in every respect from sulphur in its pare state. We shall 
now bum some sulphur, and you will see how very different the re- 
volcanoes, or in volcanic countries, where^itis brought np from the 
bowels of the earUi by tublinuUion. An inferior kmd is obtained 
by the distillation of pyrites.^!]) . 

517. What effect is produced if the flowers of sulphur are melt' 

ed? 

518. If no real change is produced by the sublimation of sulphur, 
what is the use of that operation f 

519. What is the difference between the sublimation and com- 
bustion of sulphur ? 

520. If sulphur is burnt) what will be the result? 



MltwiUhe. F«rtbispitr{Ki«elpQ(ta«mftttq<l«ntttyQrfloir«n<if 
sulphur into this cap, »na plaice it in a dish, inlo/irhich I haye poured 
A little vater : I oeir set fins to the sulpbur with the point of this 
hot wire; for its combustion will not begin unless its temperature 
he ooosiderahly raised.— -Tou see that it burns with a faint bluish 
flame ; and as I inyert oyer it this receiyer, while fumes arise from 
the sulfur, and fill the vessel. You will sooo perceire that the 
water is rising witiun the receiyer, a little above its level in the 
plate. Well, tmil/, can you account for this ? 

Emily. 1 suppose that the sulphur has absorbed theo:i^geo from 
the atmospherical air within the receiver, and that we shall find 
some oxygenated sulphur in tbe cup. As for the white smoke, I 
am quite at a loss to guess what it may be. 

jirs. B. Tomr first conieoture is very right ; but you are mis- 
tiUcen in the last ; for nothing will be left in the cup.->The white 
vapour is t he oxygenated sulphur, which assumes the form of an 
elastic fluid of a poogent and offensive smell, and is a powerful acid. 
Here you see a chemical combioatfon of oxygen and sulphur, pro- 
ducing a true gas, which would continoe such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and ail 
its acid properties. You see now witn what curious effects the 
combustion of sulphur is attended. 

Caroline. This is something quite neir ; and I confess that I do 
not perfectly understand why the sulphur turns acid. 

Mrs, B. It ishecause it unites with the oxygen, which is the 
acidifying principle. And, indeed, the word oxygen is derived 
from two Greek words sigoijfyiiig to produce on acw* 

Cturohne. Why then, is not water whiqfa contains such a qnaati- 
ty of oxygen, acid ? 

*M[r$, B.. Because bvdiiogeo, which is the other constituent of 
water, is Mt susceptible of acidification. I belieye it will be ne- 
cessary, before we proceed further, to say a few words on the gea- 
eral natuie of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately* before we consider them 
in a stateof combination. 

Acids may be considered as a peculiar class of burn^ bodies, 
which, during their combustioo or combination wiUi oxygen, haye 
acquired very characteristic properties. They are chiefly discern- 
ible by their sour taste, and oy turning red most of the blue vecet* 
able colours. These two properties are common to the whole class 
of acids ; but etch of them is distinguished by other peculiar qualities. 
Every acid consists of some particnlsMr snbstanoe, (which constitutes 

* This might mislead the student. The acids are not all of them 
formed by burning. All the vegetable acids, as the citric, malic, 
&c. exist ready formed; some of th^w are contained in fruits, as 
in lemons, apples, kc. — C. * 

'' "". '■—'' iw I ■■ I ■ , ,1 ■< I I I I I hi ■ >■ >ii I IP ■ ■ ' III" 

521. What is the acidifying principle ? 
532, What does tbe term oxygen sig^nify ? 

523. If oxygen is the acidifying principle, why does not water 
become acid, sinc^ it contains lo much of that gas f 

524. Of what do acids CP^^t i* 
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il•b8l^,•lldUdii6ttmltia6acl^)aadof>osygel^ whicliis conmoQ 

to tliem alU 
Emily. But I do notdeufy see the diiforeiioe between acids and 

oxyds. 

Mn. B. Acids vere in fiust oxyds, which, by the eddttion of a 
certain quantity of oxygen, have oeen conTertad into acids. For 
acidification, yon liast obserre always implies prerions qxydsdon, 
as a body most haw combined with the qnantit^jr of oxygen requis- 
ite to constitute it an oxyd, before it can combine with the g^reat- 
er quantity which is necessary to render it an acid. 

CdroimB. Ax^ aU oxyds capable of bein j^ converted into acids ? 

JIr$. B. Very far from it ; it is only certam substances whidh will 
enter into that peculiar kind of unkn with mcygen that prodnoes 
acids, and the nornber of these is proportionalljr very small ; but all 
bamt bodies may be consideied as belonging either to the class of 
oxyds, or that or acids. At a future period, we shall enter more 
at large into this subject. At present I hare but one circumstance 
further to point out to your obsenration respecting acids ; it is, that 
most of them are susceptible of two degrees of acidification, accor- 
dieg to the diiferent quantities of oxygen with which their ImuIs 
combines. 

Emily. And how are th^ese two degrees of acidification distin- 
guished ? 

- JUrM. JB. By the peculiar properties which result from tbem.— 
The acid we hafre just made is the first or weakest degree of acidi- 
fication, and is called nUphureow add— if it were fully saturated 
with oxygen it would be <»lled mdphuric add* You must therefore 
remember, that in this, as in all acids, the first degree of acidifica- 
tion is expressed by Uie termination in oim ; the stronger by the 
termination in tc. 

Caroline* And how is the sulphuric acid made ? 

Jlfrt. B. By burning sulphur, oyer water, in pure oxygen gas, 
and thus rendering its combustion much more complete. I teive 
provided some oxygen gas for this purpose ; it is in that b{»ttle, but 
we must first decant the gas into the glass receiver which stands 
on the shelf in the bath, and is full of water. 

Caroline. Pray, kl me try to do it, Mrs. B. 

Jiir$, B. It requires some little dexterity— hold the bottom com- 
pletely under water, and do not turn the mouth upwards, till it is 
immediately under the aperture in the shelf throagh whick the gas 
is to pass into the receiver, and then turn it op g^duaUy. Very 
well ; you have only let a few bubbles escape, add that must be 
expected'at a first trial. Now I shall put this piece of sidphur in- 
to the receiver, throagh the opening at the top, and introdace along 
with it a small piece of li|phtea tinder to set fire to it. This requires 
to be done very quickly, lest the atmospherical air should obtain 
entrance and mix with the pure oxygen gas. 

Emily, How beautifully it bums ! 

Camnne* Butit is s^lroMy buried in the thick vapour. This, 1 
suppose, is sulphuric acid ? 



525. What is the difference between oxyds and acids ? 

526. Are all oxyds capable* of becoming acids f 

527. What is the difference between sulphureous acids and sul- 
phuric acids? . 

528. How is sulphuric acid obtained ? 
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MmUy* Are tbese aci^s always in a fpumua state ? 
. Mr9» B. Solpbureoiis acid» as we ka?e dready obsenred, is a per/ 
tnvMDt gast andean be obtained in aUqaid form onW b^ condensiaff 
it in water. In its pore state, the salpbtireoas acid is mrisible, vfA 
itnow appears in the form of a white smoke, iroBi its cmnbinias^ with 
the iDoistiiriB. But the yaponr of the sulphuric acid, which you hijiye 
just seen to rise dortn? the combustion, is not gas, but only a vapour, 
which condenses into liquid Sulphuric acid^ by losing its caloric. It 
appears, however, from Sir H. Davy^s experiments, that this fbrma- 
tion and condensation of sulphuric acid requires' the presence of 
water, for which puii^ose the vapour, is received into cold water^ 
which may afterwards be separated from the acid by the evaporation. 

Sulphur has hitherto been considered as a simple substance ; but 
Sir H. Davy has suspected thkt it contains a small portion of hydros 
g«ti, and perhaps also of cn^gen. 

Oo submitting suj^ur td'the action of Voltaie battery, he ob<- 
8tfrved,that the m^tivewire gave out hrdregen ; and (he e!tisten«3e 
of hydrogen in sulphur was rendered stiU more probable by his ob- 
aerriog that a smaU quantity of water #as produced during the 
combustion of sulphur. 

Emily. AtA pray of what nature is Sttlpbnf when perfectly pure? 

JIfrs. B. Sulpbur has probably oerer been obtained perftbtly feee 
fhmi combination, so that its radical may possibly possess proper- 
ties rery diffetrent from those of common sulphur. It has been sus*- 
pected to be of a metalic natttte ; but this is mere conjecture. 

Before we quit the subject of sulphur, I must tell you that it is 
suaoeptible of oonsbiniiig with a neat yariety of substances, and 
especially with bydrogea, with which you are already acquaintdl. 
Hydroeen rat can dissolve a smidl portion of it. 

jEifi%. What ! can a gas dissolve a solid substance f 

JVrf. B> Tes ; a sdid substance may be so minutely divided by 
heat, as to become sorable in gas : and of this^there are several io^ 
stances. But you must observe, that, in the present ca^, a chemi- 
cal unton or combination of the sulphur witn the hydrogen gas is 
produced* In order to effect this, the sulphur must be strongly 
heated in contact with tbe ^s; and the heat reduces the sulphur to 
such a 'state of extreme division, and diffuses it so thoroughly with 
the gas, that tb^ combine and mcorporate together. And as a proof 
that there nitist be a chemical union' between the sulphur and tlie 
gas, it is sufficient to remark that they are no) separated when the 
sulphur loses the caloric by which it was volatalized. Besides, it \s 
evident, from the peculiar fetid smell of this gas, that it is a new 
compound totallv diiferent from either of its constituents ; it is call* 
ed MuLphareUed nydrogm got, and is contained in great abundance 
in sulphureous mineru waters. 

C^irolMie. Are not the Harrogate waters of this nature ? 

6S9. Aie sulphureous and sulphuric acids always in a gaseous 

state ? 

530. What was Sir Humphrey Davy's opinion concerning sulphuif 

531. What is sulphur in its pure state? 

532. Can a gas dissolve a solid substance ? 

533. How can it be done ? 

534. How is it known that the union between hydrogen gas an6L, 
sulphur is a chemical union? 

535. What is the prodiictofthisunimi called P 
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Jiff «• B. Yes ; they we oatnnlly Inprcgiiatei witk siilpbitrstt^ 
hydrog«B gas, and there are many other spnogv of the same kiod, 
vhich shows that this ^s must oftea be fonned m the bofrcls of the 
earth by spoataneous processes of nature. 

Cdroiine. And could dot sifch waters be madeirtiicially by im- 
pn^atiog common water with this g^? 

Jvrx. B» Tes ; they can be so well imitated, as perfectly to re- 
semble the Harrogate waters. 

Sulphur combines likewise with pfaospborus, and with the alka- 
lies, and alkaline earths, substances with which yon are yet unac- 
quainted. We cannot, therefore^ enter into these combinations at 
present. In our next lesson we shall treat of phospbbrus. 

Emily. May we not begin that subject to-day ; this lesson has 
been so short ? 

Mrs, B. I. have no objection, if you are not tired. What do you 
say, Caroline? 

Caroline. I am as desirous as Emily of prolonging the lesson td- 
day, especially as we are to enter on a new subject ; for 1 confess 
that salphar has not appeared to me so interesting as the ether. sim- 
ple bodies. " 

Mrs. B, Perhaps you may find phosphorus more enterfainio^. 
Ton must not, bowerer, be discouraged when yon meet with some 
parts of a study less amusing than otheis ; itVouId answer no good 
purpose to select the most pleasing parts, since if we did not proceed 
with some method, in order to acquire a general idea of the 
whole, we could scarcely expect to take interest in any particular 
subjects. 

# 
PHOSPHORUS. 

« 

Phosphorus is considered as a simple body 4 though, like sulphur, 
it has been suspOQled of containing hydrogen. It was not known by 
the earlier chemists. It was first discovered by Brandt, a chemist of 
Hamburg, whilst employed in researches after the philosopher's 
stone ; but the method' of obtaining it remained a secret till it was a 
second time discovered both by Kunckle and Boyle,|lo the year 1680. 
Yon see a specimen of phosphorus in this phial ; it is generally 
moulded into small sticks of a yellowish colour, as yoQ find it here. 

Caroline I do not understand in what the discovery consisted: 
there may be a secret method of making an artificial composition ; 
but bow can you talk o{vMking a substance Which naturally exists? 

JIfrt B. A hody may exist in nature, so closely combined with 
other substances, as to elude the observation of chemists, or render 
it extremely difficult to obtain it in its separate state. This is tlie 
case with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed till Brandt dis- 
covered the means of obtaining it free from other combinations. It 
is found in all animal substances, and is now chiefly extracted from 



636. What is there which shows that this gas is sometimes fonned 
spontaneouslv in the bowels of fhe earth ? 

537. By whom was phosphorus discovered ? 

538. What is the appearance of it ? 

539. How is phosphorus obtained ? 
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fooii«,by«di0iim»lpf6ofls8. Ite^t8ftboiiiaomeplaiiti,tliatb«Qr 
a stronr analogy to antmal matter in their ohemical conipoatkm.' 

Emify. But is it neret found in its pure separate state ? 

JUn. B, Nerer ; and this is the reason why it remained so long 
undiscovered. 

Phosphorus is eminently oombustible : it melts and takes fire at 
the temperature of one hundred degrees, and absorbs in its corn- 
bastion nearly once and a half its own w€^t of oxygen. 

Caroline, What ! will a pound of phosj^rus consume a pound 
and a half oxygen f 

Mn. B. ho it appears from accurate experiments. I can show 
you with what Violence it combines with oxygen, by burning some 
of it in that {;as. We must manage the expenment in the same man- 
ner as. we did the combustion of sulphur. You see I am obliged to 
cut this little bit of phosphorus under water, otherwise there would 
be danger of its taido|: fire by the heat of my fingers. I now put it 
into the receiver, and kindle it by means or a hot wire. 

EmUj/, WbaU blaze ! I can hardly look at it. I never saw any 
thingr so brilliant. Does it no< hurt your eyes, Caroline ? 

cSroHne. Yes : but still I cannot help looking at.it. A prodi- 
gious quantity of oxygen must, indeed, be absorbed, when so much 
light and caloric are disen^^s^ped ! 

JUrs. B. In the combustion of a pound of phosphorus, a sufficient 
quantity of caloric is set free, to melt upwards oi a hundr&i pounds 
of ice : this has been computed by direct experimentB with the 
calorimeter. 

EmUy. And is the result of this combustion, like that of sul- 
phur, an acid ? 

•Ifrs. B. Tes : phosphoric acid. And had we duly proportioned 
the phosphorus and tbeoxyg:en, they would have been completely 
converted into phosi^oric acid, weighing together, in this new state, 
exactly the sum of their weights separately. The water would have 
ascended into the receiver, on account of the vacuum formed, and 
would have filled it entirely. In this case, as in the combustion of 
sulphur, the acid vapour formed is absorbed and condensed in the 
water of the receiver. But when this combustion is performed with- 
oat any water or mmsture being present, the acid then appears in the 
form of concrete whitish flakes, which are, however, extremely rea- 
dy to melt upon the least admission of moisture. 

ErnUy* Does phosphorus, in burning in atmospherical air, pro- 
duce like sulphur, a weaker sort of the same acid ? 

JUrt, B. 1^0 ; for it bums in atmospherical air, nearly at the same 
temperature as in pure oxygen gsu; and it is in boUi cases so 
strongly disposed to combine with ue oxygen, that the combustion 
is perfect, and tiie product similar ; only in atmospherical air, being 
less rapidly supplied with oxygen, the process is performed in a 
slow manner. 



640^ Why was it for a kmg time undiscovered ? 
541. At what temperature wiU it melt and take fire ? 
54S. What proportion of oxygen will phos|riHirus consume, com- 
pared with its own weight P 

543. How much caloric will the combustion of a pound of phos- 
phoriis set free ? 

544. Whajtis^resdtof thetMmboitioiiof pba$honi8f^ 

n 
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CarM^. But i« there no method of acidifyiMr |«lio^hora»m a. 

phw^ptopiSl. -Ddergwa kadof Jaw cortibastMm at a»r 

temDentUiTe above zero. _j as — ^u... - 

^^Is not theprocc88 in this case rather an oxT^on ti»oa 
combmltion? For if the oxygen i. too slowly ab«)rV^^ 
^ quantity of light and heat to be disengaged, it is not a tnie 

^SrrBr'ThecaseiB not as yon suppose : a feint light remitted, 
wS is very discernible in \hfe dark; but the heat erolvedisnot 
sufficiently strong to be sensible ; a whitish vapour ansesfrom the 
combustion, which, uniting with water, condenses into liquid phos- 

^^C^^l *Is it not very singular^at P*«»P^onis shonW bmn at 
so low a temperature in atmospheneal air, whilst it does not bom 
in Dure oxygen without the apphcation of heat ? 

Mrs B So it at first appears. Bit this drcomstance seems to 
be owing to the nitrogen gas of the atmosphere. Thisgasd^vo 
small particles of phosphorus, which bemg thus mmutely dividedand 
diffused in the atmospherical air, combines with the oxygen, andnn- 
dergoes this slow combustion. But the ,sMe effect does not Uke 
ulace in oxTffen ffas, because it isnot capable of dissolnnff phospho- 
?u^. itWrefoiTnksessary, in this case, tlKit heat shoull be appli- 
ed to effect that division of particles, which, in the former mstance, 
is produced by the nitrogen. .., . . l- u _^ 

Emilv . I have seen letters written with phosphorus, which are 
inyisiblc by day-light, but may be read in the dark by their own 
li^t Th^ lw>k as if they were written with fire : yet they do 

not seem to bum. 

Mrs. B. But they do really bum ; for it is by their slow com- 
bustion that the light is emitted ; and phosphorous acid is the re- 

suit of this combustion. . . .1 •*_ r 

PhosphoTOs is sometimes used as a test to estimate the purity of 
tltmospherical air. For this purpose, it is burnt in a graduated tub^ 
caUedan£:fid<om«<«r(fig.«6.]andthe proportion of oxy^ Fig- 26. 
cen in the air examined is deduced from the quantity of airK-*«^ 
which the phosphorous absorbs ; for the phosphoros will ab- 
sorb all the oxygen, and the nitrogen alone will remain. 

Emity. And the more oxygen is contained in the atmos- 
phere, the purer, I suppose, it is esteemed ? 

J^n.B, Certainly. Phosphoros, when melted combines 
with agreat variety of substances. With sulphur it forms 
a compound so extremely combustible, that it immediately 
takes fire on coming in contact with the air. It is with this 
composition that phosphoric matches are prepared which 
kindle as soon as they are taken out of their case and are 

exposed to the air. 

' ■ 

545. Why win phosphoros bum at so low a temperature in at- 
mospherical air, when it does not bum in pure oxygen without the 

application ofheat ? . j a 

646. For what is phosphoros sometimes used? 

647. What instroment is used for this purpose, and how is the 
purity of tiie air ascertained by it ? 

548. How are phosphoric matches made 
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Umily. IJ|>ve a box. of Uiese comas matches ; but I have ob" 
served tban^very cold veatber, they will not take fire without 
beinr prevtMsly robbed. 

Mtf. §S/^y Tiibbinff them you raise their temperature ; for you 
kkiow, ^g|^^ is one of the means of extricating^ heat. 

'*JWIpPf Will phosphorus, like sulphur, combine with hydrogen 
gas? , • 

Jfri. B> Te^ ; and the compound ffas which results from this 
combintttion has a siiiell still more fetid than the sulphuretted hy- 
drqpen ;* it resembles that of garlic. 

The phospkoreiUd hydrogen gaa has this remarkable peculiarity, 
that it takes fire spontaneously in the atmosphere at any tempera- 
ture. It is thus, probably, that are produced those transient flames 
or flashes of light, called by the vulgar Wm-of'the'WUpf or, more 
properly, Ignet^fahdy which are often seen in church-yards, and 
places where the putrefactions of animal matter exhale phosphorus 
and hydrogen gas. 

Caroline, Country people, who are so much frightened by those 
appearances, would be soon reconciled to them if they knew from 
what a simple cause they proceed. 

mMrs. B, There are other combinations of phosphorus that have 
also very sin^lar properties, particularly that which results from 
its union with lime. 

EmUy, Is there any name to distinguish the combination of two 
substances, like phosphorus and lime, neither of which are oxygen, 
and which cannot therefore produce either an oxydor an acid ? 

Jtffff. B» The names of such combinations are composed from 
Uiose of their ingredients, merely by a sl^ht change in their termi- 
nation. Thus, the combination of sulphur with lime is called a tul- 
phuret^ and that of phosphorus, a phatphuret fsf lime** This latter 

"^ Phos(>hnret of lime is a very curious substance. To make it, 
take a thin glass tube, 6 or 8 inches long, and less than half an inch 
ia diameter ; if it is closed at oneend, so much the better,but a cork 
will do. ' Near the closed end put a pieceof phosphorus half an inch 
lonp. Then put in by means of a stick or wire, holding the tube 
honzontally, thirty or forty pieces of newly burned quick-lime, 
about the sizAs of split peas,letting the lowest remain two or three 
inches from the pnospnorus. Tron stop the other end of the tube 
loosely, and place the part Containing the quick-lime, in a bed of 
charcoal,so contriving it that a candle or red hot iron can be brought 
under th^'part where the phosphorus lies. Kindle a fire by means 
of bellows, and heat the lime rod hot, without melting tiie phospho- 
rus, which may be kept cool by a wet rag; when this is done, bring 
the hot iron or candle under the phosphorus, so as to make it pass 
through the quick-lime in the form of vapour. Cork up the poos* 
phuret of lime for use. — C. 

549. Will phosphorus combine with hydrqeen? 

550. What r^arkable peculiarity has pbosphoretted hydrogen 
gaa ? 

55l« How is it supposed that the ignes fiitui are produced f 
53i» What is the combinatioii of phosphorus with lime called ? 



ISO PHonraoEud. 

Gimpoiiiid, I was goiag to nythtt the liiigQiw pny^ 
pooog water, meraly by beiBg thioirii into it itaTacttitfaislyyab- 
sorbiDg the oxygen of water, in ooose^ aence of wbicb^ babbles mi 
hydrogen gas aacend, hoUi&g in solution a tmaU f nanti^eoitphos- 
phonis. 4; 

Emily, These babbles feen are pAoyfco rrf l gJ Jiyrfroffeii'gyss f 

Jdrt* B. Tes ; and they prodace the singolar appearance of a 
flash of fire issuing fimn water, as the babbles kindip an^ detonate 
on the sur&ce of the water, at the instant that they come iivcontact 
with the atmosphere. ' 

Caroline* Is not tins eflEect neariy similar to that produced by 
the combination of phosphoms and salphnr, or, more property 
8peakinfl\ the phoaphurel of nUphur ? 

Jtfr«. j0. Tes ; but the phenomenon appears more extraordinary 
in this case, from the presence of water, and from the gaseous form 
of the combostible compound. Besides, the experiment surprises 
by its great simplicity. Tou only throw a piece of phosphnret of 
lime into a glass of water, and bubbles of fire will immediately is- 
sue from it. 

Caroline. Cannot we try the experiment P 

Jlfr«. B. Very easily : but .we must do it in the open air ; for 
the smdi of the phospboretted hydrogen gas is so extremely fetid, 
that it would be mtderable in the house.- But befi>re we leave the 
room, we majr produce by another process, some bubbles of the 
same gas, which are much less offensive. 

There is in this little glass retort a solution of f>otash in water ; I 
add to it a small piece of ptophorus. We must now heat the re- 
tort over the lamp after having engaged its neck uUder wat«*-'yoa 
see it begins to boil; in a few minutes bubbles wiU appear, which 
take fire and detonate as they issue from the water. 

Caroline. There is one— and another. How curious it is !— But 
I do not understand how this is produced. 

Jtfrf. B. It is the consequence of a displa3r of affinities too com- 
plicated, I fear, to be made perfectly intelligible to you at present 

In a few words, the reciprocal action of the potash, phosphorus, 
caloric, and wat^ are such, that some of the water is decomposed, 
and the hydnwen gas thereby formed carries off some minute par- 
ticles of phosj^rus, with which it forms phosphoretted hydn^o 
gas-, a compound which spontaneously takes fire at almost any tem- 
perature. 

Emily. What is that ciroblar ring of smoke whicff slowly rises 
from each bubble after its detonation ? 

JIfrr B. Itconsists of water and phosphoric acid in vapour, which 
are produced by the combustion of hydrogen and phosphorus. 

553. What sineular peculiarity has the phosphoret of lime ? 

554. What will be the consequence if a piece of phosphoret of 
lime is thrown into the water ? 

555. Why is it necessary that this experiment be made in the 
openair? 

566. What will be the consequence if phosphorus be added to a 
solution of potash in water, and the whole heated over the fire ? 
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CONVERSATION. IX. 

' OJJI CABBON. 

«• 
" Caroline, To-day> Mrs. B., I believe ire are to learn the nature 
a^ preperties of cabbon. This soiMtanoe is quite new to me; I 
nerer heard it mentioned before. 

^ Mrs^ B' Not 80 aew as you imsigine ; for carbon is nothings more 
tha^ cbflific.oal in a state of purity, that iv to say, unmixed with any 
fordgn ibgrediento. 

Caxolin^t %it charcoal is made by art, Mrs. B., and how can a 
bodv consisting of one simple substance be fabricated ? 

jfev. B. You aniin confound the idea of making a simple body 
with that oCseparating it 6ronk»eempound. The chemical proces- 
ses by which a simple body is obtained in a state of purity, consist 
in unmaking tiie compound in which it is contained, m order to se- 
parate from it the simple substance in question. The method by 
which charcoal is usually obtained, is, indeed, commonly jsailed 
making it ; but, upon examination, you will find this process A con-« 
sist simply in separating it from other substances with which it is 
found combined in nature. 

Carbon, forms a considerable part of the solid matter of all orga- 
nized bodies ; but it is most abundant in the vegetable creation, and 
it is chiefly obtained from wood. When the oil and water (which 
are other constituents of vegetable matter) are evapo;rated, the 
black, porous, brittle substance that remains, is charcoal. 

Caroline, Bbt if heat be applied to the wood in order to evaporate 
the oil and water, will not the temperature of charcGoJ be raised so 
as to make it burn ? and if it combines with oxygen, can we any 
longer call it pure ? 

Mrs, B, I was going to add, that, in this operation, the air must 
be excluded. 

Caroline, How then can the vapour of oil and water Ay off ^ 

Mrs. B, In order to produce charcoal in its purest state, (which 
is, even then but a less imperfect sort of carbon,) the operation 
should be performed in an earthen retort.— Heat being applied to 
the body of the retort, the evaporable part 4>f the wood will escape 
through its neck, into which no air can penetrate, as long as the 
heated vapour continues to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be done by introducing 
the neck of the retort into the water bath apparatus, with which you 
are acquainted. But the preparation of common charcoal, such as 
is used in kitchens and manumctures, is performed on a much larger 
scale, and by an easier and less expensive process. 

Emily, I have seen the process of making charcoal. The wood 
is ranged on the ground in a pile of pyramidical form, with a fire 
underneath; the wh<de is then covered with clay, a few holes only 
being left for the circulation of air. 

557. What is carbon ? 

558. In what consists the chemical process by which a simple 
body is obtained in a state of purity ? 

559. In what is charcoal found in most abundance. 

12* 
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Mn.B. These holes are eioaedasiooii as the wood nfaklj^lit' 
ed, 80 that the comhiistioii 19 cheeked, or atleastcontiiineB tMnaaa 
very imperfect manner; bat the heat produced by it is snfficieW: to 
force out and volatilize, through the earthy cover, most |»rt of the 
oily and watery principles of the wood, although it canad vedvce it 

to ashes. ^ • . ^ / 

Emh. Is pure oarbea as Uadr.as charcoal ? 
JMrs.B. The purest carbon we can prepare » so; bntoilBnigts 
have never yet been able to separate it cntirriy ^m hydfogflo- % 
H. DttTy says, that the most perfect carb<m thil is jprepared teart 
contains about five per ceni^ of hydrogen; l#is of opHiiapmtit 
we could obtain it quite free from foreign ingredients, rt wbuid be 
me taUic, in common with other sioiple substances. # -4 £ 

But there is a form is wbioh charcoal i^f^pears, that Ida«e saf will 
surprise you.— This ring, whioh 1 wear on my li^g^r, owes its bril- 
liancy to a smalt piece of cartioni ' • * 
CmroUM, Surely ywi are jesting, Mrs. B. ' 
Etmify. I thought your ring was diamond. 
Jtfrs. B. It is so. But €&unoad is notiung more than carbon in a 
crystidliflMd state. 

* EwX^' That is astonishing ! Is ft possible to seetwo things apfia- 
ren% more different than diamend and charcoal? 

Caroline. It is, indeed, curious to think that we adorn oimdres 
with jewels of charcoal ! 

•«#•«. B. There are many other substances, consisting cbi^y of 
carbon, that are remarkably white. Cotton, for •instance, is almost 
wholly carbon. 

Ckwoline, That, I own, I could never have imagined ! Bo* pray. 
Mis. B., since it is known of what substimce diamond and cotton 
are comporad, why should the;r not be mnttufectured, or imitated, 
by some chemAcal process, wracb would r e a de r them much cheap- 
er, and more plentiful than the present mode of obtaining them ? 

Mrs, B. >Tou nught as well, my dear, propose that we afaoidd 
make flowers and fruit, nay, perhaps, even animals by a chcmicsl 
process; for it is known of what these bodies consist, since every 
thing which we are acquainted with in nature is formed from the va- 
rious simple substances that we have enumerated. But von mast 
not suppose tb«t a knowiedge of the component parts of a body will 
in every case enahAe us to imitate it. It is much less dif&cult to de- 
compose bodies, and discover of what material tbey are made, than 
it is to recompose them. The first of these processes is called ctnafy- 
m, the last »yntke9i8. Wben we are able to ascertain the nature of 
a substance by both these methods, so that the result of one confirms 
that of the other,^we obtain the most complete knowledge of it that 
we are capable of aequiring. This is the case wi^ water^ with the 
atmosphere, with most of the oxyds, acids, and neutral salts, and with 

^ , ^ , , , , , . .■i ,»i _L.i ■ r * .----- . -- --— ■-r i --» i 

560. How is cbarcoad in its purest slate pvad*uced? 

561 . What is the common melbed of procHieing charcoal ? 

562. What did Sir H. Davy suppose carbon would be, if free 
from foreign ingredients ? 

563. What does charcoal become on being crystallized ? 

564. ^Wbat white substance is there conskting chiedf of carbon ? 

565. What is to be understood by the terms cmaly^h and synt^e^ 
m as is used by chemists ? 1 
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maiif other eompoQDds. Bat the moie' oomjrfkatod conibiintians \ 

"of-natiive, even io ftm-miiterai kingdooi, a9e in general iMgrond ottt 
veaob, and any attempt to imitate organized bodies must e^bt fmr^ 
fiittilleaB ; thetr formalioo is a secret which reats id the boiom of idto 
Creator. You see, therefore, how Fain it wovld be to attempt Io ^ 

nmJieiCOtUm by chemical meads. But, surely, we have no reas<»i 
to regret cur inability in this inltuice, when nature has so dearly 
poioted oat a method! of o^ytaining it in periection and abandaace* 
Oufoline, Pdid not imagine" that the pHiiciple of life ceukl be im* 
itatei-by the aid of jehemistry ; bat it did not appear to me absoxd 
to aappose thafe chemists might attain a perfect imitation Of inani- 
mate nature. • * 

Jtfrv. B. They ' hare soeceeded? in tiiis point in a variety of in- 
stances ; but,as yovjostly observe, the prineiple of life, or even the 
miBQte and intimate organization of tb^ ve^etabl&kingdom, are ie« • 
cre^thafthave almost entirely eluddd the researches of philoao* 
phera ; nor do I ima^ne that hdman art will ever t>e capable of 
investigating them v^ith com(4ete success. 

EknUy> Bat "diamond) since it consists of one simple, unorgani- 
zed substance, might be, one would think perfectly imitaUe by 
art, 

Jlfr«. B. it is sometimes as much beyond our power to obtain a 
siimile body in a state of perfect purity, as it is to imitate a com- 
plicated combination : for the operations by which nature separates 
bodies are frequently as inimitable as tbose which 9he uses fer their 
combination. This is the case with carbon ; ail the effi)rt8 of chem- 
ists to separate it entirely from other substances hav^been fruitless, 
and in the purest state m which it can be obtained by art, it still 
retains a portion of hydrogen, and probably of some other fiweign . 
ingredients. We are ignorant of the means which nature emplolVs 
to crystaUiae it. It may probably be the work of ages, to purify, 
arrange, and unite the particles of carf>on in the form of a diamond. 
Here is some charcoal, in the purest state we can procure it ; yen 
see that it is a very Mack, brittle, light, porous substance, entirelf 
destitute of either taste or smell. Heat, without air,prodttces no al- 
teration in it, as it is not volatile ; but on the contrary, it mvaria- 
Uy remains at the bottom of the vessel, "after all the other parts of 
the vegetable are evaporated. 

EmUV' Yet carbon is, no doubt, combustible, since you say that 
charcotd would absorb oxygen, if air were admitted during its pre- 
paration. 

Caroline. Unquestionably. Besides, you know, Emily, how 
much It is used in cooking. But pray what is the reason that char- 
coal bums without smoke, whilst a wood fire smokes so much f 

Mn. B* Because, in the conversion of wood into charcoal, the 
volatile particles of the former have been evaporated. 

QtmMne. Yet I have frequently seen c&arcoal burn with flame ; 
tbecefore, it must, in that case contain some hydrogen. 

Jlfrf. B. You should recollect that charcoal, especially that which 
is used.for common pdrposes, is not perfectly pure. It generally 

666. In what cases is obtained the most perfect knowledge of the 
natore of compound bodies ? 

567. Have means ever been discovered to crystalize carbon ? 

568. What is Uie reason that charcoal bums without smoke ? 
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MlVBfaetoaiOmMSioftheTwioMPtber compomnt parte of re^- 
«teUcs^ «Dd li^drageo partiouUAy , which ao^^Wi m« the flame in 

qUBfttioD* 

Caroline. Bot what hecomes of the carboa iUelT during: iU com- 

bastion ? '• • \. . ' 

Mrs. S* It gradually combines with the pxpgcn of tl|e atmos- 
pbere, in the saine.way as sulphur lind phosphorus, and,, like tiKise 
substances, it ia converted into a pepnliar ecid* which flies off in a 
gaseous fonQ»' There is this differei^e, howoFer, that the acid is 
nbt, in this instance^ as in the t»Po cases ju8t<mentioned,a tfiere 
condensable vapour, but a permanent elastic fluid, vhich always 
remains in the state of fas, under any pressure and at any tenper- 
ature. The nature of this acid was fir«t ascertained by Dr. Black, 
of Edinburgh ; and, before 4he introduction of the new nomencla- 
ture, it was calied/i;«tf 'air. It is^eow distinguished by the mere 
appropriate name oicarbonU acid gas, 

EnUly. Carbon, then can be ^ajtilized by biiming, though by 
beat alone, no such effect is produced f , 

Mrs, B. Yes ; bufsth^n it is no longer simple carb«n; but an aX;id 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form*thaD the basis of any 
other gas. And you may, I think, from this instance, dervfe a 
more clear idea of the basis of the oxygen,, hydrogen, .and nitrogen 
gases, the existence of which, as real bodies, you seemed to doubt, 
because they were not to be obtained simply in a solid form. 

Emily. That is true ; we may conceiye the basis oi the oxjgen 
and of me other gases, to be solids heavy substances, like carbon ; 
but so much expanded by caloric.as to become invisible. 

Caroline^ But does not the carbonic acid gas partake of the 
blackness of charcoal ? 

Mrs. B. Not in the least. Blackness, you know, does not ap- 
pear to be essentisd to carboa, and it is pure carbon, and not char- 
coal, that we must consid^ as the basis of carbonic acid. We shall 
make some carbonic acid, and, in order to hasten tlie process, we 
shaU bum the carbon in oxygen gas. 

EmUy. But do you mean, then, to burn diamond ? 

Mrs. B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame ; besides tfie experiments on dia- 
mond are rather expensive. 

Caroline. But is it possible to burn diamond ? 

J\irs. B. Yes, it is ; and in order to effect this combustion, noth- 
ing more is required than to apply a sufficient degree of heat by 
means of the blow-pipe, and of a stream of oxygen gas. Indleed, it 
is by burning diamond that its chemical nature has been ascertained. 
- .11 . ■ — — ' I . . 

569. From what does the flame in the burning of charcoal pro- 
ceed ? 

570. In the combustion of charcoal what becomes of the carbon r 

571. What is the gas called formed by the combination of carbon 
and oxygen ? 

572. Why does not carbonic acid g^s partake of the blackness 
of charcoal, if prepared from that material ? 

573. How has tiie chefflicalnature of diamonds been ascertained? 
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It hSLslcfiigfaeeti known as a comlnistible substance, bat it it wHIiin 
tbeae fe# jwn only that the|»odnGt of its oooriMion lias boon 
proF«d to 06 pare carbonic acid. This ramarkahledisooferjr is doe 
to Mr. IVnnant 

Now let ns try to make some cpbonic aycid. WiU yon, Emil^, 
decant some oxy^n gas from this larg^e jar into the receiver, m 
which ,i^e are to bum the carbon ; and 1 sh^ introdade this small 
pieoe of charcoal, with a4ittle lighted tilidei, which will be neces- 
sary to giye the first impulse to ther combnatfon. , ^ 

JsmUy. 1 cannot concerB% how so sm^ a pieee of tinder, and tBat . 
bot just lighted, can raise the tempeiotare of the carbon sufficiently 
to set fire t6 it; for it can'prGdi]«eK»roely<any sensible heat, and 
it hafdly totiehes the carbon. 

Jlfr«. B. The tindemhas kindled has onlv heat enongh to begin 
its own combnsti^, #hich, ^owarer, soon becomes so rapid in the 
oxyrOfi gas, as to raise the temperathre of the oharcoal sufficiently 
for Inis to barn likewise, as you see is now the case. ^ 

JBmt/y. I am surprised that the combustion of carbon is not mqre 
brilliant 'it does hot nre out near so much light or caloric as phos- 
phoms, or sulphur, x et since it combines with so mucB oxygen, 
why is not a proportionlal quantity of lig^ht and heat disengaged fiom 
the decomiposition of the oxygen gaa^ and the union of its electricity 
with that ofthe charcoal ? 

Jtfrt. B, It is not surprising that less light and heat shou d be li- 
berated in this than in almost any other combustion, since the ox- 
ygen, instead of entering into a solid or li<|uid combmation, as it 
does in the phosphoric and sulphuric acids, is employed in forming 
another elastic fluid; it therefore parts with less of its caloric 

Emily. True; and, on secsond consideration, it appears, on the 
contrary, surprising that the oxygen should, in its combination with 
carbon, retain a sufficient portion of caloric to maintain both sab- 
stances in a gaseous state. 

Caroline. We may then judge of Uie degree of solidity in which 
oxygen is combined in a burnt body, by the quantity of caloric li- 
berated during its combustion ? 

Mr». B. Tes ; prorided that yon take into the account the qnan* 
tit][ of oxygen absorbed by the combustible bedy, and obserre the 
proportions which the caloric bears to it. 

Caroline^ Bat why should the water, after the combustion of car- 
bon, rise in the receiver, since the gas within it retains an aeriform 
state? * 

JUrf.B. Because the carbonic acid gas is gradually absorbed by 
the water ; and this effect would be promoted by slusking the re- 
ceiver. 

EmUy. The charcoal iff now extinguplied, though it is not nearly 
codsmiMd ; it has such an extraordi|^^ avidity for oKygen, I sup- 
pose, that the receiver did not contain enpu|^ to satisfy the whole. 

Jlfr«. JB* That is certainly the case ; for if the combustion were 

574. What is the proylactian of their eqmbastioa i 

575. Why is so littte light and heat &eBgagad in the combostion 
of carton 2 

576. Does carbon unite with more 'than one proportion of oxr 
ygen?^ 



/ 
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fterformed in the «Kact proportkms of t8 parts of cavbon to "% of 
oxygen, both thew inspredients woidd disappear^ and 100 partis tif 
carbonic acid would be prodnced. 

Caroline* Carbonic acid must be a very strong acid, since it con- 
tains so great a proportion of ozjgen ? 

JIfrf, S. That is a rery natural inference ; yet it is erroneous. 
For the carbonic is the • weaken of all the acids. The stn^Hgth oi 
an acid seems to depend upon the nature %f its basis, and its mode 
of. combination, as well as upon the proportion of the acid^iog 
pi^nctple. The same quantity of dxygen^nat will convert 'some bod- 
ies into strong acids, will only be sufficient simply to oxyaate others. 

CaroUne, Since this aoid is'so* weak, I think chemists should 
hare called it the carhorums, instead of the carbonic aoifl. 

Emily ' But, I suppose, the carbooous acMl is still weaker, and is 
formed by burning carbon in atmospherical air. 

Mrs, B: It has been lately aiscovered, that carbon may be con- 
verted into a gas, by uniting with a smaller proportion or oxygen ; 
bat as this gas does not possess any acid properties, it is^no more 
than an oxyd ; it is called gcueouS oxyd of carbon. ' . ^ 

Carolwie, Pray Is not. carbonic acia a very wholesofne gas to 
breathe, as it contains so much oxygen f 

Mrt. B' On the contrary, it is extremely pernicious. ^ Oxygen, 
when in a state of combination with other substances,^ loses, in al- 
most every instance, its respirable properties, and the salubrious 
effects which it has on the animal economy when in its nnconfined 
state. Carbonic acid is not only unfit for respiration, but extreme- 
ly deleterious jf taken into the lungs. 

Emii^f You know, Caroline, how very unwholesome the fumes 
of bummg charcoal are reckoned. 

CaroUne. Tes ; but to confess the truth, I did not consider that 
a charcoal fire produced carbonic acid gas.— Can this g^ be con- 
densed into a liquid ? 

Jlfr«. B. No : for, as I told you b^ore, it is a permanent elastic 
fluid. But water can absorb a certain quantity of this gas, and can 
even be impregnated with it, in a very strong degree, by the assis- 
tance of agitation and pressure, as I am going to show you: I shall 
decant some carbonic aeid gas into this bottle, which I fill first w^th 
water, in order to exclude the atmospherical air ; tlie gas is then 
introduced through the water, which you see it displaces, for it wilf 
not mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shaking it, in this Way, I 
can mix the gas and water together. Now will you taste it ? 

EmUv, It has a distinct acid taste. 

CaroUne. Yes, it is sensibly sour, and appears full of little bubbles. 

Mre. B. It possesses likewise all the other properties of acids, but 



677. On what does the strong of an acid depend ? 

578. Why is not carbonic acid good for respiration, since it con- 
tains a larre quantity of oxygen ? 

579. Why are the fumes of burning charcoal reckoned unwbole? 



580. How can water be impregnated with carbonic gas ? 

581. What is Seltzer fmina to be, on analysis ? 



qf comrte, iiia lew decree tbu^.the{rai« carbonic aoid (as» as it is if). 
nraeh dented by water. This is a Kind of artificial Seltzer water. 
B;^ analysiDg^ tbat wbibh is produced by nature, A was found'tp co&- 
tam searcely any thin^ more than oMMnmon wi^er impregnated with 
a certain proportion of carboniaacid g^. We are therefore able to 
imitat^it by mixing those proportions of water and carbonic acid. 
Here, toy dear, is an instance in which, by a chemic^i process, we 
ca9 exactly copy the operations of nature ; for the arti^cial Seltzer 
waters can be made in every respect similar to tho^^of nature ; in 
one point, indeed, the former have an advailtage, sij»oe they may be 
prepared stronger or weaker, as occasion requires^ 

Oiroline* I thought I had tasted such water before. But what 
renders it so bri^ and sparkhng •' 

J^rt. B. Thissp^kling or e^ervescence, as it is called, is always 
occasioned by the action pf jandastic fluid escaping from a liquid ; 
jQ the artificial S^tzer water it^is produced by tlie carbonic acid, 
"Which being lighter than the Water in which it wassl^rongly conden- 
sed, flies on with gr^t rapidity the instant ihe bottle is uncorked ; 
'this makes it nec^sarv. to drink it immediately. The bubbling tbat 
took place in 'this bottfe was but triflio|f, as the water was but very 
slightly impregnate with carb^ic acid. It requires a particular 
apparatus to prepare the gaseous artificial mineral waters. 

Mlniily, If, then, a bottle of Seltzer water remains for any length 
of time uncorked, 1 sioppose it returns to the sU^te of common water ? 

Jlfrt. B' Toe whole of the carbG|nic acid gas, or very nearly so, 

will soon disappear ; but there is likewise in Seltzer water a very 

small quantity of soda, and a fewe^er valine or earthy ingredients, 

which will remain in the wator, thofigh it should be kept uncorked 

* for any l^igth of time. 

Caroline. I hare often beard of people driokiog soda-water. 
Pray what sort of water is fhat ? 

Jtfrt. JB. It is a kind- olf artificial Seltzer water, holding in solu- 
tion, besides the gaseous acid, a particular saline substance, called 
soda, which impsuts to ^ water certain medicinal qualities. 

Caroline, But how can these waters be so wholesome, since car- 
bonic apid is so pernicious f 

JUrS' B. A gas, we may conceiye* though very prejudicial to 
breathe, may w beneficial to the stomach.—- But it would be of no 
use to attempt explaining this more fully at present. 

Caroline. Are waters never impre|fnated with other gases ? 

Mre. B. Tes ; there are several kinds of gaseous waters. I for- 
got to tell yon that waters have, for some years past, been prepared, 
impregnated both with oxygen and hydrogen gases. These are not 
an imitation of nature, but are altogether obtained by artificial 
means. Thev hare been lately used medicinally, particularly on the 
continent, where, I understand, they have acquired some reputation. 

Emily. If I recollect right, Mrs. 6., you told us that carbon was 

583. How is the brisk and sparkling appearance in Seltzer water 
occasioned ^ 

583. What is soda water ? 

684. How can these waters be wholesome, since carbonic acid 
is so pernicious ? 

585. What other gaseous waters have been prepared, and for 
what purpose.' 
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oqnUsof dedanpdtiaKWiter ; tbemffinttj batwwn mjgta and t»z- 

boD mart, lbeteft»B,bBgrwtM- than betweeooxyyaB and bydi^g^j 
Mr: B. Tm ; but Um b sot tha cue, noleM their temperatore 
be Ttised to a certain deg^ree. It it odIt wbea caibon i> red-bot, 
Uutttkcapablatrftepanting'tbe uyenfromtbehfdro^D. Thni, 
ifa mmU quantity of water Se diniwaoD Bt«d-balfire, it will iu- 

. create rather than extin^iib tbe combastioa ; Ibr the coals of irtMid, 
(both of which contain a qnaatit; of carbon,) deconpose the water, 
and thai lupply die fire bMb with ojcjgen and hydrogen ksmo. 1( 
on the contrarr, a large nut* of water be thrown over the fiw, the 

. diminutiDD of beat Jbnt produced h inch, that tbe combnatiUe mat- 
ter Unca the power of decompotin^; tbe water, and tbe fire i» extin- 

EmUy. 1 bare heard that fire-engines Mmetimes do more barm 
than good, and that tfaev aotnall^ increase the Gi« when tbej caa- 
not tbrtnr water enougn to exlin^isfa it. It piust be owing, no 
donbt, to thq deeompoaiiiiMi of the water b; tbe carbcm dnring Qie , 
conflagration. 

Mn.B. Certainly. — The apparatni which yoa see here (Sf. 37,) 

t-ig. JT. I 



may be nted to exemplify whit we hare just said. It consiati in a 
blind itfopeo fnmace, througifa wbich a porcelain tube, ooatainini 
cbarcoal, {iisiaa. To one end of the tube is adapted a glaas retort 
with water in it ; and tbe other end cammonicates with a recarer 
placed on the water bath. A lamp bwng applied to flie retort, and 
the water made lo boil, the raponr ii gradnallv conreved tfaroogti 
tbe red-hot charcoal, by which it ia decantpoied ; and the hjdrog«& 
gas, wbich results from this decomjMMitkm, is otdlected in (be nem- 
Ter. But the hydrogen thus obtamed is for from being pore; it re- 
tains in solution a mi ante portion of carbon, and conlaniB alsoa 
qoamtity of carbonic acid. This renders it bMvier than pnre bydro- 

Sigai. and gives it some pecaliar properties: it isdi>tmgiiiah«dl)T 
name of earhonaUd hydrodtn got. 

587. Why will a small quantity of water thrown upon a fire in- 
crease rather than diDiinisb it i 

fiSS. How would yon describe the ezperimeut made by tbe tue 
of figure 17 .' 

5S9. What is the gas called produced in tbe experiment ^ 



CABBOV. 145 

Gdmotfiie. And whence doei it obUin the carlwaic aeM (hsitis^ 
mixed with it ? 

Emily. I believe I cap answer that question, CaroliDe.-^Fron} 
the unioD of the oxygen (proceeding from the decomposed water) 
vitb tbe carbon, which, you know, makes carbonic aoid. 

Caroline. Trae *. I should have recollected that — Tbe product of 
the decomposition of water bv red-bot charcoal, therefore, is carbo- 
nated hydroffen gas, and carbonic acid gas. 
Mrs. B. you are nerfectW right, now. 

Carbon is freauentJy found combined with hydrogen in a state of 
solidity^ especial! v in coals, which owe their combustible nature to 
these two principles. 
Emily. Is it the hydrogen, then, that produces the flame of coals r 
Mrs, B, It is so ; and when all the hydrogen is consumed, the car* 
bon, continues to burn without flame. But again, as I mentioned 
when speaking of the gas-lights, the h^droffen gas produced bjr tbe 
burning of coals is not pore : for, dunng the combustion, particled 
of carbon are successively volatilized with the hydrogen, with 
which they form what is called a hydro'CarboncU^ which is the prin- 
cipal product of this combustion. 

Carbon is a very bad Conductor of heat ; for this reason, it is em- 
ployed (in conjunction with other ingredients) for coating furnaces 
and other chemical apparatus. 
Emily. Pray what is the use of coating furnaces ? 
Mrs, B. In most cases in which a furnace is used, it is necessary 
to produce and -preserve a great degree of heat, for which purpose 
every possible means are used to prevent the heat from escaping by 
communicating with other bodies, add this object is attained by 
*coating over the inside of the furnace with a kmd of plaster, com- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
fionnd called plumbago, or black lead, of which pencils are made. 
This substance, agreeably to tbe nomenclature, is a carburet qf 
iron. 

Emily. Why, then, is it called b]ack*lead ? 
Mrs. B. It IS an ancient name given to it by ignorant people, 
from its shining metallic appearance ; but it is certainly a most im- 
pi^per name for it, as there is not a particle of lead in the composi; 
lion. There is only one mine of this mineral, which is in Cumber- 
land.* It is supposed to approach as nearly to pure carbon as the 
best prepared charcoal does, as it contains only five parts of iron, 
unadulterated by any other foreign ingpredients. There is another 
carbaret of iron, in which the iron, though united only to an ex- 

— 

* She means ioi Engbnd. Black lead is found in a great vatiety 
of places in thisoonnlry.^-C 

590. Bv what is the flame of burning coals occasioned? 

591. Vr by is carbon used for coating furnaces and other diemicsd 
apparatus ? 

59t. Of what is black lead made ^ 
593. ^hy is it catted black leidf 
6M. What is steel? 

13 ' 
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trsndy ttmiil fwopoiitioii ofcarbois aoqatm revy reniai^able pm- 
p0rties : this is steel. 
CmnUme. Really; and jet steel is mach banter than iron ? 
Mrt, B, Bot carbOD is not dactile like iron, and therefore may 
render the steel more brittle, aod preheat its bending^ so easily. 
Whether it is that the carbon, by introdncing itself into the pores 
of the iron, and, by filling tbem makes the metal both harder and 
heavier ; or whether this change depends upon some cheQdical cause, 
I cannot pretend to decide. Bat there is asabseqnent operation, by 
which the hardness of steel is very much increased, which simply 
consists in heating the steel till it is red-hot, and then plunging it 
into cold water. 

Carbon, besides the combination jast mentioned, enters into tfae 
composition of a vast number of natural productions ; such, for io- 
slance, as all the various kinds of oils, which result from the €»mbi- 
nation of carbon, hydrogen, and caloric, in various proportions. 

Emily. I thoi^ht that carbon, hydrogen, and caloric, formed car- 
iooated hydrogen gas. 

Jtfr«. B. That is the case when a small portion of carbonic acid 
^s is held in solution by hydrogen gfas. Difierent proportions of 
the same principles, together with the circumstances m their union, 
produce very different combinations; of this you will see innume- 
rable examples. Besides, we are not now talking of gases, but of 
carbon and hydrogen, combined only with a quantity of caloric, suf- 
ficient to bring them to the consistency of oil or fat. 
Ctaroitne. But oil and (at are not of the same consistence? 
Jtfr<. B. Fat is only congealed oil ; or oil, melted fat. The one 
lequires a littie more heat to maintain it in a fluid state than the 
other. Have ^ou ttever observed the fat of meat turned to oil by the 
caloric it has imbibed from the fire ? - 

£mt/y. Yet oils in general, as salad-oil, and lamp-oO, do not turn 
to fat when cold? 

Jtfr#. B. Not at the common temperature of the atmosphere, be- 
cause they retain too much caloric to congeal at that temperature ; 
but if exposed to a sufficient degree of cold, their latent heat is ex- 
tricated, and they become solid, fat substances. Have yoa never 
seen salad-oil frozen in wipter ? 

Emily, Tes ; but it appears to me in that state very dilfermt 
firom animal fat. 

•¥r<. B. The essential constituent parts of either vegetable or an- 
'irnal oils are the same, carbon and hydrogen ; their jlriety arises 
from the different proportions of these substances, and from other 
accessory ingredients that may be mixed with them. The oil of a 
>whfl^, and the oil of roses, are, in their essential, constituent parts, 
the same ; but the one isjiropregnated with the offensive particles of 
animal matter, the other with the delicate perfume of a fiow^. 

The difierenoe Kti fixed eiU, and volaHie or essential ot2£. consists 
also in the various proportions of carbon Mid hydrag^i. FixmA oils 
— — -- — — ■ ■ — .— .^ 

595. To what is the hardness of steel owing? 

596. What is the difference between hi and oil ? 

597. What are the essential constitvent parts of oil ? 

598. W hat is the difference between offlenQive iaojwd and frttrant 
vegetable oil? 
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Are those which will not «Ta|i«tate iri&ottt bt»ng decorafooedl t ^ 
ifi the case with att Commoii otlt, which contain a greater preportian 
of carbon than the essenUai otls. The essential oils^ (which eompre- 
liend the whole class of essences and perfumes) are lighter ; thi^ 
contain more equal proportions of carbon and hydrOg^ea^ and are 
volatilized or evaporated withoal beings decomposed. 

Emily. When you say that one kfnd of oil will evaporate, and the 
<ither be decomposed, you me«n, I suppose, by the application trf 
beat ? 

JUrs. B. Not necessarily ; for there are oils that will evaporate 
slowly at the common temperature of the atmosphere ; but for a 
more rapid volatilization, or for their decompositioo, the assktaiioe . 
of heat is required.* 

Caroline. I shall now remember, 1 think, that fat and oil are 
really the same substances, both consisting of carbon and b^drog^ ; 
that in fixed oils the carbon iMrepoaderates, and heatproSfaoes^a de- 
composition; while, in essential oils, the proportion of hydrogen is 
greater, and beat produces a volatilization only. 

Emily. I suppose the reason why oil bums so well in lamps, is 
because its two constituents are so combustible ? 

Jifiv. B. Certainly ; the combustion of oil isiust the same as that 
of a candle ; if tallow, it is only oil in a concrete state ; if wax, or 
spermaceti, & chief chemical iogredienls are atiU hydrogen and 
carbon. 

Emily* I wonder, then, there should be so great a difference be- 
tween tallow and wax ? 

Jtfrf. B. I must again repeat, that the same substance, in difier- 
ent proportions, produce results that have sometimes scarcely anv 
resembbnce to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the present case; for tallow and wax are far from being very 
dissimilar ; the chief diffisreaee consists in the wax being a purer 
componnd of carbon and hydrogen than the tallow, which retains 
more of the grots particles of ammal matter. The combustion of a 
candle, and that of a lamp, both produce water and carbonic acid 
gas* Can you tell me how these are formed ? 

Emily. Let me reflect . . . Both the candle and lamp born by 
means of fixed oil>*-tbi8 is decomposed as the combustion goes on ; 
and the constituent parts of the oil being thus separated, the carbon 
unites with a portion of oxygen from the atmosphere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

* The volatile or essential oils evaporate when exposed to the air. 
Hence the odonr which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor, 
£io. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease npot remains after a 
(ew minutes, it is adulterated with some fixed oil.— -C. 
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599. What are fixed oUa? 
60a What are essential oils? 

601. Why will oil burn so well in lampa? 

602. In what does the difiereoce between tnUow and wast coMist f 
^ 603. How may the adulteration of volatile oU be Oeceoted ? 

604. What are the products of the combustion of oils ^ 



i48 CABBON. 

oxjffea and fbrmi with it irtter.— Tbe prodncti, therefore, of the 
combQitioa of oils, are water and carbonic acid gaM. 

Caro/tne. But we see neither water nor carbonic acid produced 
\fy the combastion of a candle. 

' Jiff*. B. The carbonic add gaa, yon know, is invisible, and the 
water being in a state of vapour, is so likewise. Emily is perfectly 
correct in her explanation, and t am very much pleased with it. 

All the veg^taole acids consist of various proportions of carbon 
and hydrogen, acidified by oxygen. Gums, sugar, and starch, are 
likewise composed of these ing^redients ; but, as the oxygen, which 
they contain is not sufficient to convert them into acids, they are 
classed with the oxyds, and called vegetable oxvds. 

Caroline. I am extremely delighted with all these new ideas ; 
but, at the same time, I cannot help being apprehensive that I may 
forget many of them. 

Mrs, }B. I would advise you to take notes, or, what would answer 
better still, to write down, after every lesson, as much of it 'as von 
can recollect. And, in order to jpve you a little assistance, I shall 
lend you the heads or index, which I occasionally consjciU for the 
sake of preserving some method and arrangement in these conver- 
sations. Unless you follow some such plan, you cannot expect to re- 
tain nearly all.that you learn, how great soever be tl^ impression it 
may make on yon at first. ^ 

Etniiy. I will certainly follow your advice. Hitherto I have foiind 
that i recollected pretty well, what you have taught us ; bat the his- 
tory of carbon is a more extensive subject than any of the simple 
bodies we have yet examined. ^ 

J^ra, B. I have little more to say on darbon at present ; but 
hereafter you will see that it performs a considerable part in chemi- 
cal operations. 

Caroline, That is, I suppose, owing to its entering into the com- 
position of so gpreat a variety of substances ? 

Mrs, B, Certainly ; it is the basis^ as you have seen, of all vege- 
table matter ; and you will find that it is very essential to the pro- 
cess of animalization But in the mineral kin^om, also, particu- 
larly in its form of carbonic acid, we shall discover it combined 
with a great variety of substances. 

In chemical operations, carbon is particularly useful, from its very 
great attraction for oxygen^ as it will absorb this substance from 
many oxygenated or burnt bodies, and thus de-oxygenate, or tiA- 
bum them, and restore them to their original combustible state. 

Caroline. I do not understand bow a body can be unburnty and re- 
stored to its original state. This piece of tinder, for instance, that 
has been burnt, if by any means oxygen were extracted from it, 
would not he restored to its former state of linen ; for its texture is 
destroyed by burnine, and that must be the case with all organized 
or manufactured substances, as you observed in a former conversa- 
tion. . ^ 

JIf r#. B. A compound body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not become fixed in the tinder, 

605. Of what do the vegetable acids consist P 
606.- How does carbon restore oxydated substances to their com- 
bustible state? ' 
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but it comBiflei witli its v^olatile poirts, and flies off ia the sbape of 
gas or watery vafXHir. Yon see, tbeMfore, how yain it wotfid he to' 
attempt the reoompoeition of such bodies. Bat, with regard to sim- 
ple bodies, or at least liodtes whose componeot parts are not dis- 
tiiH>ed by the process of oxygtenationor aeozygenation, it is often 
possible to restore thcin, after corobustioo, to their original state. 
The metals, fbr tnstanoo, undergo do other alteration by combustion 
than a combination with oxygen ; therefore, when the oxygen k 
taken tnm them, thny return to their pure metallic stata But I shaU 
say nothing farther of tiiis at present, as the metals will furnish am- 
ple subject for another momii% ; and they are the class of simple 
bodies that come next under consideration. 

CONVERSATION X. 
ON METALS. 

Mr», B. TbeMETAiiS, which we aro now to examiue, are bodies 
of a irery difierent nature from those which we have hitherto con- 
sidered. They do not, like the bases of gases, elude the observation 
of our senses ufor, they are the «iost brilliant, the most ponderous, 
and the most palpable substances in nature. ^ 

Caroline, i doubt, however, whether the metals will appear to us 
so interesting, lodtgive us so much entertainment, as those myste* 
rtons elements iHiich conceal themselves from our view, j^esides, 
th^ cannot afford so much novelty : they are bodies with which we 
are already so well acquainted. 

Mrs. B, Ton are not aware, vtif dear, of the interesting discove- 
ries which were a few years ago, made by Sir H. Davy respectinr 
thisclass of bodies. By the aid of the Voltaic battery, he has obtained 
frbip a variety of substances, metals before unknown, the properties 
of which are equally new and carious. We shall begin, howevrer, by 
noticing those metals with which you profess to be so well acquaint- 




subject fuUy, would require a whole course of lectures ; for metals 
form of themselvessLmost impoptaat branch of practical chemistry. 
We must, therefoe, conine ourselves to a general view of them.* 
These bodies aresddom found naturallv in their metallic form : they 
arecenerall^ more or less oxygenated, or combined with sulphur 
ear&, or acids, and are often blended with each other. They are 
iband bnried in the bonmls of the earth in most parts of the world, but 
chiefly in mountainous districtB, where the surfoce of the globe has 
been disturbed by earthquakes, volcanoes, and other convulsions of 
nature. They are spread in strata or beds, caUed veins, and these 
▼eins are composed of a certain quantity of metal, combined with 

607. What alteration do metals undergo from. combustion ) 

608. What is the subject of ;febiB< Conversation ? 

609. Afe metals fenerally found in their pure raetaUio state? 

610. In what s(at» are thegrusuaUy foundto esist ? 

611. In what iilacw Wb thoy chieflr. djapoveiaed ? 

13* 
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Ydrious earthy aabstances, with wbieb they form minerak of differ- 
ent nature and appearance, which are called ores. 

Caroline. I now feel quite at home, for my lather has a lead mine 
in Yorkshire, and I have heard a mat deal about reins of ore, and 
of the roasting and smelting of lead ; but, 1 confess, that I do not nn* 
derstand in what these operations consist 

Jdrs, B, Roasting is the process by which the yolatile parts of the 
ore are evaporated : smelting, that by which the pure metal is after- 
wards separated from the earthy remains of the ore. This is done by 
throwing the whole into a furnace, and mixing it with certain sub- 
stances that will combine with the earthy parts and other foreign in- 
gredients of the ore ; the metal beog the heaviest, falls to the t>ot- 
torn, and runs out by proper openings in its pure metallic state. 

Emily. You told us in a preceding lesson, that metals had a great 
affinity for oxygen. Do they not, therefore, combine with oxygen, 
when strongly neated in the furnace, and run out in the state of 
oxyds ? 

Mrs. B. No ; for the scoriae, or oxyd, which soon forms on the 
flOrface of the fused metal, when it is oxydable, prevents the air 
from having any further influence on the mass ; so that neither com- 
bustion nor oxygenation can take place. 

Caroline, Are all the metals equally combustible f^ 

Jtfrf. B, No ; their attraction for oxygen varies extremely. 
There are some' that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others tl^t 
oxydate spontaneously^, and with great rapidity, even at the lowest 
temperature; such is, in particular, manganese, which scarcely ever 
exists in the metallic slate, as it immediately absorbs oxygen on be- 
ing exposed to the air, and crumbles to an oxyd in the course of a 
few hours. 

Emily. Is not that the oxyd from which you extracted the oxy< 
gen gas? 

Jars. B, It is : so that, you see, this metal attracts oxygen at a 
low temperature, and parts with it when strongly heated. 

• Emily. Is there any other metal that oxydates at the tempera- 
ture of the atmosphere ? 

. Mrs. B. They all do, more or less, excepting gold silver, and 
platina. ' 

Copper, lead, and iron, oxydate slowly in the air, and cover them- 
selves with a sort of rust, a process which depends on the gfradual 
conversion of the surface into an oxyd. This rusty surface preserves 
the interior metal from oxydation, as it prevents the air from coming 
in contact with it. Strictly speaking, however, the word rust ap- 
plies only to the oxyd, which forms on the surface of iron, when ex- 
posed to air and moisture, which oxyd appears to be united with a 
small portion of carbonic acid. 

612. How are they refined ? 

613. What prevents the combustion and oxygenation of metals, 
when in a state of fusion ? 

614. Are ail metals equally combustible? 

615. To what is their difference in this respect owing ? 

616. Do metals oxydate on being exposed to the airf 

617. By what is the rust occasioned that takes place on copper 
and iron r 
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Emily. When metals oxydate from the atmosphere without an 
eleTation of temperatore, some light and beat, I suppose, must be 
dtsen^faged, though not in sufficient quantities to be sensible. 

JUrs, JB. Undoubtedly ; and, indeed, it is not surprising that,. in 
this case, the light and beat should not* be sensible, when you con- 
sider bow extremely slow, and, indeed, how imperfectly, mo&t met- 
als oxydate by mere exposure to the atmosphere. For the quanti- 
ty of oxygen with which metals are capable of combining, general- 
ly depends upon their temperature; and the absorption stops at 
various points of oxydatioo, according to the degree to which their 
temperature is raised. »' 

Kmily, That seems very' natural ; for the greater the <]uanti(y 
of caloric introduced into % metal, the more will its positive elec- 
tricity be exalted, and consequently the stronger will be its affini- 
ty for oxygen. 

JUn. B. Certainlr. When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
takes place. But this happens only at very high temperatures, 
and fhe product is nevertheless an oxyd : for though, as I have just 
said, metals will combine with different proportions of oxvgen, yet 
with the exception of only five of them, they are not susceptible of 
acidification. -, ^ 

Metals change colour during the different degrees of oxydation 
which they undergo. . Lead, ^hen heated in contact with the at- 
mosphere, first becomes grey ; if its temperature be then raised, it 
toms yellow, and a stUl stronger heat changes it to red. And it is 
even capable of a stronger degree of oxjrdation, in which the oxyd 
is iwee coloured. Iron oecomes successively a green, brown and 
white oxyd. Copper changes from brown to blue, and lastly ^reen* 
Emily. Pray, is the white lead with which houses are pamted, 
prepared by oxydating lead ? 

Jlir#. B* Not merely by oxydating, but bv being also united with 
carbonic acid. It is a carbonat ef lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxygen. Almost all the metallic oxyds are used as paints. The 
variout^sorts of ochres consist chiefly of iron more or less oxydated. 
And it is a remarkable circumstance, that if you burn metals rap- 
idly, the lig[htor flame they emit during combustion partakes of the 
colonrs which the oxyd successivelv assumes. 

Caroline. How isthat accounted for, Mrs. B., since light does 
not proceed from the burning body, but from the decomposition of 
the oxygen gas? 

Jin. a. The correspondence of the colour of the light with that 
of the oxyd which emits it, is, in all probability, owing to some par- 
ticles of the metal which are volatilized and carried off by the caloric. 

618. Are light and heat disengaged when metals oxydate from 
the atmosphere, without an elevation of temperature ? 

619. Why are they not perceived ? 

6^. What changes of colour do lead, iron, and copper undergo 
during their different degrees of oxydation f 

621 . How is common white lead obtained ? 

622. For what purpose are most of the metallic oxyd»used ? 
©23. How are yellow paints or ochres obtained, oref what are 

they composed ? 
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Cardina. It is th«i a sort of «elrf!ic gms. , ^ ^ . ^ 
EmUy. Why is it reckooed so QDwhdesometo breatbe the air of 
a place where metals are metlingf f . . » 

JivM. B. Perhaps the notkm is too gpeiierally entertained* But 
it is true with respect to Icafl, and some other noxioas metak^ be- 
cause unless care be taken, the particles of the oxyd which arc yol- 
atilized by the heat are inhaled with the breath, and may produce 
dangerous effects 



(Fig. 28.) 



lonnst show you aome 
Instances of the combus- 
tion of metals ; it would re^ 
qttire.tlie heat of a famace 
to make (hem bum in the 
common air, but if we sup- 
ply them with a stream of 
oxygen ^as, we may easi- 
ly accomi^ish it 

Caroline. ItwillaliU,! 
suppose, be necessary in 
some degree to raise their 
temperature ? 

Mrs* B- This, as yon 
shall see, is very easily 
done, particularly if tiie 
experiment be tried upon 
a small scale. I bmn bj 
lighting &ts piece cf diar- 
coal with the candle, and 
then increase the rapidity 
of its combustion by bloir- 
ing upon it with a blow- 
pipe. (Fig. 26, No. I.) 

EmUy, That I do not 
understand; for it is not 
every kind of air, bat 
merMy oxygen -g«8, that 
produces combustion.-- 
Now you said that 4o brea- 
thing we inspired, bat did 
not expire oxygen gas.— 
Why,tberefore, shoiud the 
air which youbreathe thro' 
the blew-pipe promote the 
combustion of the char- 
coal? 

, Jiir». B, Because the 

" sar. which has hut once 

Apptratm for the combuttion of metab by iBMBt of oxyg«n ' j .i _u j-U^ I— -.-. 

««: No. I. IfDititf el»reo«l with«t»i»r ud bIo«-pip«.paSSed tbrOHgh ttlO lODgS, 
Ifo. 9. Conbottion of nttali by muLiit of a blow-pip* 4>o»-ig yet bttt little^ altered, a 
njuig a ttretD of oxyftn pi from a gai-iioMor. gj^gj| p^fjion OUly of itS OX- 

ygen being destroyed ; so that a g^reat d^ more ia rained by in- 
creasing the rapidity of the current, by means of the blow-pipe,thatt 

624. Why is it reckoned unwholesome to breathe the aif of a 
^lace in which metals are melting ? 
635. Whatgas produces combustion? 
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is lost ia consequence of the air passiog once throngb fhe lungs, as 
you shall see— 
Emily. Yes, indeed, it makes the charcoal burn much brighter. 
Jlfr#. B, Whilst it is red-hot, I shall drop some iron filings on it, 
and supply them with a current of oxygen gas, by means of this 
apparatus. (Fig. 28, No. 2.) which consists simply of a closed tin 
cylindrical Yessel,'fuU of oxygen gas, with two apertures and stop- 
cocks, by one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other the gas is forced out 
through a blow-pipe adapted to it, as the water gains admittance. 
Now that I pour water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. I bring the charcoal close to the current, 
and drop the filings upon it — 

Caroline.^ They emit much the same vivid light as the combus- 
tioQ of the Iron wire m oxygen gas. 

JSIrs, B. The process .is, in fact, the same ; there is only some 
difference in the mode of conducting it. Let us burn some tin in 
the same manner — you see that it is equaljy combustible. Let us 
now try some copper-^ 

Caroline, This burns with a greenish flame ; it is, I suppose, 
owing to the colour of the oxyd ? 

Emily, Pray, shall we not also burn some gold \ 
Mrs, B, That is not in our power, at least, in this way. Gold, 
silver, and platina, are incapable of being oxydated by the greatest 
heat that we can produce by the common method. It is from this 
circumstance, that they have been called perfect metals. Even 
these, however, have an affinity for oxygen ; but their oxydation or 
combustion can be performed only by means of acids, or by electri- 
city. 

The spark given out by the Voltaic battery produces at the point 
of contact a greater degree of heat than any other process : and it 
is at this very high temperature only that the affinity of these met- 
als for oxygen will enable them to act on each other. 

I am sorr^ that I cannot show you the combustion of the perfect 
metals by this process, but it requires a considerableVoltaic oattery. 
You will see these experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the mean time 1 can, without difficulty, show you an ingen- 
ious apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of iron 
or copper, (Fig. 29 ) to which may be adapted the air-syringe or 
condensing pump, and a stop-coclr, terminating in a small orifice 
similar to that of a blow pipe. By working the condensing syrin&fo 
up and down in this manner, a quantity of air is accumulated in the 
vessel, 'which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will rush out, forming a 
jet of considerable force ; and if we place the flame of a lamp in the 
current, you will see how violently ttie flame is driven in thatdirec- 

626. What is represented by figure 28 ? 

627. What metals have been called perfect ? 

628. Why have they been thus callei^? 

629. What is represented by figure 20 ? 
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tit. 39. 




A. tbe icKiToir of eondcnied air. B. th* coadMainf kyriage. 
C. the bhtdder for oiyyea. D. thtoMftabkjet. 

Caroline* It seems to be e^ctly the same effect as that of a blow- 
pipe worked by the mouth, only much stronger. 

Emily, Yes ; and the instrument has this additional advantagfe, 
that it does not fatigue the mouth and lungs like the common bJoir- 
pipe, and requires no art in blowing* 

JUrt. B. Unquestionably ; but yet this blow-pipe would be of 
very limited utility, if its energy and power could not be greatly 
increased by some other contrivance. Can you imagine any mode 
of producing such an effect ? 

Emily, Could not the reservoir be charged with pure oxygen 
instead of common air, as in the case of the gas-holder ? 

Mrs. B, Undoubtedly ; this is precisely the contrivance I allude 
to. The vessel need only be supplied with air from a bladder full 
of oxjseny instead of the air of the room, and this, you see, may 
be easily done by screwing the bladder on the upper part of the sy- 
ringe, so that, in working the syringe, the oxygen gas is forced 
from the bladder into the condensing vessel. 

Caroline, With the aid of this small apparatus, therefore, we could 
obtain thes ame effects as those w^-bave just produced with the gas 
holder, by means of a column of tvater forcing the gas out of it ? 

Mrs, B. Yes ; and much mo^ conveniently so. But there is 
a mode of using this apparatus^ by which more powerful efiecta 
still may be obtained. It consists in condensing in the reservoir, 
not oxygen alone, but a mixture of oxygen and hydrogen in the ex- 
act proportion in which they unite to produce water ; and then kio- 

630. How could the reservoir in that figure be supplied with 
pure oxygen ? 

631. Itow is the most intense heat produced P 



die tbe jet foroMd bj ihe.mi)E«d gum* The beat disengaged by this 
cooibfistkHit vtUiout tbe help of any lamp, is probably the most iu- 
tense koowo ; and yarioos effects are said to bjive been obtained 
troni it wbiob exceed aU expectation. 

Carolme,^ni wby shoaki we not try tbis experiment? 

Jtfri. ^. jDecause it is not exempt from danger ;* tbe com bust i(fti 
(nottrithstanding various contrivances wbicb have been resorted to 
with a view to prevent accident) being apt to penetrate into the in- 
side Of the vessel, and to produce a dangerous and violent explosion. 
We shall, therefore, now proceed to our subject. 

Caroline. I think yon said the oxyds of metals could be restored 
to their metallic state P 

jif r#. B. Yes ; this operation is called revhing a metal. Metals 
arc in general capable of being revived by charcoal, when heated 
red hot, charcoal naving a greater attraction for oxygen than the 
metals. You need only, therefore, decompose, oriinburn the oxyd 
by depriving it of its oxygen, and tbe metal will be restored to its 
pore state. 

EmUy. But will tbe carbon, by this process, be burnt, and be 
converted into carbonic acid ? 

' Mr$, B» Certainly. There are other combustible substances to 
which metals of a hi|^ temperature will part with their oxygen. 
They will also yield it to each other, according to their several 
degrees of attraction for it ; and if the oxjrgen goes into a more 
dense Btate in the metals which it enters, than it existed in that which 
it auitfl,a pcoportional disengag^ement of caloric will take place. 

Citro/ttte. And cannot the oxjrds of gold, silver, and piatina,, 
which are formed by means of acids ar of the electric fluid, be re- 
stored to their metallic state f 

' Jf rr. B. Yes, they may,aiid the intervention of a combustible bo- 
dy is not required ; heat alone will take tbe oxygen from tiiem, 
oMHrert it into gias* and ttswiYe the metal. 

Emii^* Yon said that mst was an oxyd of iron ; how is it, then, 
that water, or merely dan^ness, produces it, which, you know, it 
very frequently does on steel g^tes, or any iron instruments ? 

* Qydrogen and oxyi^ n^ay be burned together with tbe most 
perfect safety by means of theeompoiind blowpipe, an instrument 
wvented by Prof. Hare, of J^iladelpbia. Instead of mixing the 
gases in the same reservoir, they are kept separate until they meet 
at the point of combustion. An account of^his blow-pipe is given 
by Prof. Siliiman, in his edition of Henri's chemistry, together with 
a list of experiments made with it on various substances. Tbis was 
tbe first notice of any experiment made by burning tbe two gases 

together, for the purpeee of obtaiung an intense beat.— C. 

. ' '■ ■ I " 1 1 1 . II ■ .11. II . , — ....... ^ ^ 

£3t. Hoio may 9seygm and hydrogen be burned together with 
Wefgf T 
633. What is called reviving a metal ? 
e34. By what are metals revived f 

635. What effect is pnoduced on the carbon which is used to re^ 
<^iTeametaif 

636. Can the oxyds of the perfect metaJs be restored to their 
metallic state ? 

637. By whatmeanB? 
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Mr9. B, In (hat case tbe metel deoompoMs the vftter, or daiDp-% 
Oen (which is nothio; but water io a state of vapour,) aod obtains 
the oxyren from it. 

CaroTmt. I thought that it was necessary to briogw|ietals to a 
very high temperature to enable them to decompos^jpater. 

.A/ri. B. It is so, if it is required that the process should be per- 
formed rapidly, and if any considerable quantity is to be decomposed. 
Rust, you know, is sometimes months in forming, and then it is only 
the surface of the metal that is oxydated. 

Emily • Metals, then, that do not rust, are incapable of spontane- 
ous oxydation, either bjr air or water ? 

Jlfrt B. Tes ; and this is the case with the perfect m^als, which 
on that account, preserve their metallic lustre so well. 

EnUiy, Are all metals capable of decomposing water, provided 
their temperature be sufficiently raised ? 

JUrs. B. No; a certain degree of attraction is requisite, besides 
tbe assistance of heat. Water, you recollect, is composed of oxy- 
gen and hydrogen ; and, unless the affinity of the metal for oxygen 
be stronger than that of the hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the hydrogen. 
Iron, zinc, tin, and antimony, have a stronger affinity for oxygen 
than hydrogen has, therefore these four metsAs are capable of de- 
composing water. But hydrogen, having an advantage over all the 
other metals with respect to its affinity for oxygen, it not only witli- 
bolds its oxygen from them, but is even capable, under certain Cir- 
cumstances, of taking the oxygen from the oxyds of these metals. 

Emily* I confess that 1 do not quite understand why hydrogen can 
take oxygen from those metals which do nqt decompose water. 

Caroline* Now I think 1 do perfectly. Lead, for instance, will 
not decompose water, because it has not so strong an attraction for 
oxygen ashydrogen has. Well, then, suppose the lead to be in a 
state of oxya; hydrogen will take the oxyo from the lead, and unite 
^ith it to form water, because hydrogen has a stronger attraction 
than oxygen has for lead, and it is the same with all the other me- 
tals which do not decompose water. 

Emily* I understand your explanation, Caroline, very well ; and 
I imagine that it is becsuuse lead oannot decompose water that it is so 
much employed for pipes fbr conveying that fluid.'" 

Mrs. B, Certainly ; lead is, on that account, particularly appro- 
priate to such purposes; whilst, on the contrary, tliis roetal,if it 
was oxydable by water, would impart to it very noxious qualities, 
as all oxyds of lead are more or less pernicious. 

* Lead is capable of decomposing water, and when safiered to 
stand long in a vessel of this metal, it becomes poisonous. When 
used merely to convey water, there is but JitUe danger.— C. 

* 

638. If rust is an oxyd of iron, why is it that Water or dampness 
causes it? 




capable of decomposing 
d43w Why cannot all metals deeeospose water ^ 
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But, with ng^d to the oxydfttion of metab, Uie miMt powerful 
mode of effiBctiiiif it» is by meuM of aeida. These, 70a Imow, cokin 
tain a orach gmler {uroportioD of oxygen ^han either aw or water *} 
and wiU, most of them, easily yidd it to metals* 

Thus, you recolleot, the amc plates of theVoltaid battery are ox- 
ydated by the acid and water, much more effectually than by watev 
alooe. 

Caro/tne. And I hare often observed that if I drop vinegar, li^- 
inon, or any acid on the blade of a knifie, or on a pair of scissors, h 
will immediately produce a spot of rust. 

Emily. Metals have, then, three ways of obt^niog oxygen ; from 
the atmosphere, from water, and fi^m acids. 

Mn. B- The two first you have already witnessed, and I shall 
Qow show you bow metals take the oxygen from an acid. This bot- 
tle contains nitric acid ; I shall pour some of it over this piece of 
copper leaf .... 

CaroUne* Oh, what a disagreeable smell ! 

Emily. And what is it that produces the effervescence, and that 
thick yellow vapour ? 

J^n. B. It is the acid, which, being abandoned by the greatist 
part of its oxygen, is couverted into a weaker acid, which escases 
m the form of gas. 

Caroline, And whence proceeds this heat? 

Jlfrr. B« Indeed, Carolme, 1 think you might now be able ti^skur 
swer that question yourself. 

CktroUne. Perhaps it is that the oxygen enters into the metal in 
a more solid state than -it- existed in the acid, in consequcace of 
which caloric is disengaged. 

JUn. H. If the coosoination of the oxygen and the meta/ results . 
from the union of their opposite electricities, of course c^ric mast> 
be given out. 

JSmily. The effervesence is over,* therefore I su^yoae that thfK> 
metal is now oxydated. 

Mrs.B, l?es. But there is another impprta*t connexion be- 
tween metals and acids, with which I most now i^ake you acquaint- 
ed. Metals, ^hen in a state of oxyds, are ca"^^^ ^^ being dissol" 
red by acids. In this operation they enter i^to a chemical comhi* 
nation with the acid, and form an entirely ^ew compound. 

Caroline, But what difference is tbe>e between the oxydaUOfi. 
sod the ditsoluHan of the metal by an aeid ? 

JUrtrB. In the^rst case, the metalinerely combing with a per* 
tion of oxygen taken from the acid, irhich is thas partly deoxygen- 
Ated, as in the instance you have juit seen ; in the second case, the', 
metal, after being previously oxy^ted, is actually' dissolved in the 
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643. What is the most powerful ihode of oxydating metals ? 

644. From what do metals obtain oxygen f 

646, When a metal dissolves in acid, what causes the effervei^ 
<nBncef 

646. To what is the heat owing, when a metal is dissolved in acid f 

647. What state must ametalbe in before it can be dissolved hfr 
an acid? r .. 

S48p. How can metal then be dissolved? 
649. What is the difference between (he oxydation and the diasp- 
Itttion of a me|al by an acid f 

U 
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ftcid, and enters into & chemical combinatioD wiUi it, vnthont pro* 
docing^ any farther deeomposition or efferresence. This complete 
combination of an oxtd and an acid forms a peculiar and important 
class of compound salts. 

Emily, lue difference between an oxyd and a compoaod salt, 
therefore, is rery obi^ious ; the one consists of a metal and oxygen ; 
the other of an oxyd and an acid. 

Jlft^t* B, Very well: and yon will be carefal to remember that 
the metals are incapable of entering into this combination with acids, 
unless they are previously oxydated ; therefore, whenever you bring- 
a metal in contact with an acid, it will be first oxydated, and after- 
wards dissolved, provided that there be a sufficient quantity of acid 
for both operations. 

There are some metals, however, whose solution is more easily 
accomplished by dilating the acid in water ; and the metal will, in 
this case, be oxydated, not by the acid, but by the water, whicii it 
will decompose. But in proportion as the oxjrgen of the water ok- 
ydates the surface of the metal, the acid combines. with it, washes it 
o^ and leaves a fresh surface for the oxygen to act upon : then other 
coits of oxyd are successively^ formed, and rapidly dissolved by the 
acid, which continues combining with the new. formed surfaces of ox- 
yd till the whole of the metal is dissolved. During this process the by- 
dr^en gas of the water is disengaged, and flies off with efferveseoce. 

Er^y, Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water .^ 

JUrifs B, Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the covering 
of oxyd, ^ it is formed, prepares a fresh surface of metal to act upon 
the water.' 

Carofin€. "The acid here seems to act a part not very different 
from that of a ic^rubbing brush. But pray, would not this be a good 
method of clean^g metallic utensils ? 

Jdrs, B. Tes ; ^ some occasions a weak acid, as vinegar, is 
used for cleaning cOoper. Iron plates, too, are freed from the rust 
on their surface by a^(nted muriatic acid, previous to their being^ 
covered with tin. Yodmust remember, however, that in this mode 
of cleaning metals the acM should be quickly afterwards wiped off, 
otherwise it would product fresh oxyd. 

Caroline, Let us watch tKe dissolution of the copper in the nitric 
acid ; for I am very impatient to see the salt that u to return from 
It. The mixture is now of a beautiful blue colour , but there is no 
appearance of the formation of a salt ;. it seems to be a tedious ope* 
ration. 

Jfft. B. The crystallization of \he salt requires some length of 
time to be completed ; if, however, y^u are so impatient, I can easily 
show you a metallic salt already formed. 

CaroUne, But that would not satisfy my curiosity half so well as 
oneof ourown manafiicturing. 

Jlfr#. B. It is one of our own preparing that I mean to show yoa. 
When we decomposed water a few days since, by the oxydatioii of 

650. What IS the difference between a compound salt and an oxyd? 
661. Why are acids good in cleanine: rust fi^ metiaJs ? 
652. What caution is necessary in cleaning metais by acids > 



iron filings through the aBsistancei of sulphuric acid; in what did the 
prcxsess consist ? t 

Ctsroiine In proportioD as the water yielded its oxTgen to the 
iron, the acid combined with the new formed ozyd, andr the hydro- 
gen escaped alone. 

JUrs. JB. Very well ; the result, therefore, was a compound salt, 
formed by the combination of sulphuric acid with oxygen of iron. 
It still remains in the ▼essel in which the experiment was performed. 
Fetch it, and we shall examine it. 

Emily • What a yariety of processes the decomposition of water, 
by a metal and an acid, implies : I st, the decomposition of the water ; 
Sdly , the oxydation of the metal ; and 3dly, the formation of a com- 
pound salt. 

Caroline, Here it is, Mrs. 6., What beautifnl green crystals ! But 
we do not perceive any crystals in the solution of copper in nitrous 
acid ? 

Mr9, B. Because the salt is now suspended in the water which 
the nitrons %cid contains, and will remain so till it is deposited, in 
coosecjuence of rest and cooling. 

Etmly, I am surprised that a body so opaque as iron can be con- 
certed into such transparent crystals. 

Mr». B, It is the union with the acid that produces the transpa- 
rency ; for if the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as before. 

Emily. I do not understand the exact meaning of crystalUxation. 

Mrs. B» Ton recollect that when a solid body is dissolved, etlher 
by water or caloric, it is not decomposed; but that its integrant 
parts are only suspended io tl«e sotTent. When the solution is made 
iQ vrater, the integrant particles of tift body will, on the water being 
evaporated, again unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by evaporation or by 
cooling, and care taken that the particles he not agitated during 
tfaeir re union, they will arrange themselves in regular masses, each 
individual substance assuming a peduliar form or arrangement ; 
and this is what is called crystallization. 

Emily. Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.''' 

Jlfri. JB. That is a very good definition of it. But I mast sot for- 
get to observe, that heat and noater may unite their solvent powers ; 
and in this case, crystallization may be hastened by cooling, as well 
as by evaporating the liquid. 

Varoline, But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid ? 

* Not exactly, because the particles of the fluid make a part of 
the crystal. Crystallization is that process by which the particles 
of bodies unite to form solids, of certain, and regular shapes*— C. 

653. What processes does the decomposiUon of water by a metal 
and an acid imply ? 

654. What causes crystallized iron to be transparent ! 
a« WhatiscryttaUixaiion? 
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Mn.'B. A ctyftafiuMsd body Md in wdiillon enly by water is 
scarcely erer so Tolatile as the fluid itself ; and care most be takeD 
temnaife Hie beat ao that it may be sui&oioiit to eraponUe the 
water omv. 

1 shoiila not omit also to mention that bodies, in crystalliziDg' from 
their dietary sdatm, alwiiys retam a small portion of water, which 
remains confined in the crystal, in a solid form, and does not re-ap- 
piear mless the body loses its crystalline state. This is called the 
water €f eryttaUixaiian, Bat ^on must obserre, that whilst a body 
maybe separated from itssClntion in water or caloric simply by cool- 
ing or by evaporation, an acid can be taken from a metal with which 
it IS combined only by stronger affinities, which produce a decom- 
position. 

ErnUy, Are the perfect metals susceptible of beinsr diBsolred and 
couTertod into eompomid salts by acids i 

Mrs, B, Gold is acted upon by only one acid, the oxygenaUd 
miiHcrftc, a very remarfmble acid, which, when in its most concen- 
trated state dissolves gold or any other metal, by burning them 
rapidly. 

Gold can, it is true, be dissolved likewise by a mixture of two 
acids, commonly called aqua regia ; but this mix^ solvent derives 
that property from containing the peculiar acid which 1 have jost 
mentioDed. Platina is also acted upon by this acid only ; silver is 
dissolved' by nitric acid. 

CaroHnit. I think yon «aid that some of the metals might be so 
strongly oxydated as to become acid ? 

Mrs. B. There are five metals, arsenic, molybdean, chroine, 
tungsten, andco h imbi u m, which are susceptible ctf combining with 
a sidicient <)nantity of oxygen -to be converted into acids. 

Caroline, Acids are connected with metals in such a variety of 
ways, that I am s^raid of some confimon in remembering them. In 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts : and lastly, several of the metals are themselves sus- 
ceptible jof acidification. 

Mrs, B» Very well ; but though metals have so great an affinity 
fi>r acids, it is not with that class of bodies alone that they will com- 
bine. They are most of them, in their simple state, capable of uni- 
ting with sulphur, with phosphorus, with carbon, and with each 
other ; these combinations, according to the nointtaclatnre which 
was explained to you on a former occasion, are called sulphurds, 
phosnhorets, carburets. &c. 

The metallic phospborets offer nothing very remarkable. The 
aulphurets form the peculiar kind of mineral called pyritesj from 
which certain kinds of mineral waters, as thoae of Harrogate, derive 



466. What is the water of crystallization ? 

esa. Arerthe pertwt mietals swceptible of being dissolved and 
conveited into oompoBBd salts by acids? 

€67. <km.anyofthemetabcQmbhie with so great a ^antity of 
omen as to beeeme acids? 

^ 6SB. With frtwt olfemr anbitttoetbeiidetaeids will metds com- 
bine? 

659. What «re the^ombinatioBB ef the metals with each other 
called? 
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their chief ohemicftl properties. In this combinatioD, the ralpbur, 
together with the iroo, ha^e so strone an attraction for oxygen, that 
they both obtain it from the air and nom water, and by condmsing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable degree. 

Emiiy* But if pyrites obtain oxygen from water, that water must 
suffer a decomposition, and hydrogen gfas be eTolved. 

Mrt. B. That is actually the case in the hot springs alluded ia^ 
which give out an extremely fetid gas, composed of hydrogen, im- 
pregnated with sulpbuV*. 

Caroline. If I recollect right, steel and plumbago, which you men- 
tioned in the last lesson, are both carburets of iron. . 

Jdrt. B* Yes; and they are the only carburets of much conse- 
quence. 

A curious combination of metals has lately very much attracted 
the attention of the scientific world : I mean the meteoric stones 
which fall from the atmosphere. They consist principally of native 
or pore iron, which is never found in that state m the bowels of the 
earth ;* and contain also a small qu^tity of nickel and chrome, a 
combination likewise new in the mineral kin^om. 

These circumstances have led many scientific persons to believe 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they are iox^eA in the 
atmosphere, or are projected into it by some unknow^^ volcano on 
the surface of our globe. 

Caroline. I have heard much of these stones, bift I believe many 
people are of opinion that they are formed oi)^ fhe surface of the 
earth, and laugh at their pretended celestial^gin. 

J^rs, B, The fact of their falling is so^ell ascertained, that I 
think no person who has at all investjg^ed the subject, can now 
entertain any doubt of it. Specimens^f these stones have been dis- 
covered in all parts of the world, aad to each of them some tradition 
or story of its fall has been found connected And as the analysis of 
all those specimens affords precisely the same results^ there is strong 

* This seems to be a mistake. Several localities of native iron, 
found in veios are pointed out by authors. In several instances 
laige blocks of native iron have been found on the surface of the 
earth — One found by Prof. Pallas in Siberia, weighed 1600 lbs. 
Another found in South America is said to weigh 30,000 lbs. &c* 
These have been suspected to be of meteoric origin, though nothing 
is known, which makes this certain. Those stones which are known 
beyond a doubt to have fallen from the atmosphere, have a very dif- 
ferent composition. These generally contain the following ingre- 
dients, viz. tron, nickel^ chrome, oxide of iron, sulphur, tilex, lime, 
magneria, and o/umtne. The iron rarely amounts to a quarter of 
the whole. Accounts are recorded of the fallin^r of stones, sulphur, 
kc, in every age since the Christian era, and m almost every part 
of the world.- 



660. Which are the most important carburets? 

661. Of what do the meteoric stones which have attracted so 
much attention from the scientific world consist f 

662. What opinions have been entertained as to the origin of 
these stones? 

14* 



MMffii to ^ili^jcetvn IM tfMyiOl pvoQecdfrantkasamdaoofce. 
U IB to Mr. Hoi^rd that ptulosopben ure indebted for farnWng^ fint 
wudysed these stoeesi and directed their atteatioD to thia ialerest- 
iog irabjiKt. 

Caroline. But pray, Mrs. B., how can solid maMes of iron and 
nieltol be fonned fcomtbe atmosphere, which oonsists of the two 
airs, nitrogen i»d oiygen ? 

Jtfrf' B. I really do not see how they could, and think it oivch 
more probable that they Odl.from the noon, or some other celeBtial 
body.— But we must not suffer this digression to take up too mnch 
oCottrtime. 

The combinations of metals with each other are called aUoys ; 
thus brass is an aUoy of copper and zinc : bronze of copper and 
tin,&c. 

Emikf. And is not pewter ako a combination of metal? 

Jtfrt . B, It is. The pewter made in this country is meetly com- 
posed of tin, with a very small proportion of zinc and lead. 

CurQline, Block-tin is a kind or pewter, I believe .' 
, JUrs. B' Pnoperly speaking, blOck-tin means tin in blocks, or 
square massive m^ts ; but in the sense in which it is used by ig^oo- 
rant workmen, it is iron plated with tin, which renders it more du- 
■able, as tin will not so easily rust. Tin alone, however, would be too 
soft a metal to be worked finr common use, and all tin vess^s and 
tttensil8>are in iact made of plates of icon, thinly coated with tio, 
which prevents the iron from rusting. 

Caroline. Say mther, oxydatihg, Mrs* B. — Rust is a word that 
should he> exploded in chemistry. 

Jiin. B, Take car«, however, not to introduce the word oxvdate 
instNui of rust, in general conversation ; for you would probably 
not be understood, and youmigbt be suspected of affectation. 

Metals differ very innch m their affinity for each other ; some 
wiU not unite at all, others readily combine together, and an this 
prcmerty of metals the art of soldering depends. 

Emily. What is soldering? 

Mrs* B. It is joining two pieces of metal together, by a more fu- 
sible metal interposed between them. Thus tin is a soldw for lead ; 
brass, gold, or silver, are solder for iron, &c. 

Caroline' And is not plating metals something of the same nature ? 

Mrs. B. In the operation of plating, two metals are nnited,«oDe 
being covered with the other, out without the intervention of a 
third : iron or copper may thus be covered with gold or silver. 

Em3y. Mercury appears to me of a very different nature from 
tiie other metals. 

. Jlfr*. B ' One of its greatest peculiarities is, that it retains a fluid 
state at the temperature- of the atmosphere. All- metals are fusible 
at different degrees of heat, and they have likewise each the proper- 
ty of freezing or.becoming sotid at a certain fi»Bd temperature.— 

663. Who first analysed these stones? 

664. What are the combinations of SMtals with each other called ? 

665. Of what is brass an aUoy f 
666* Of what is pewter composed? 
667. What is block-tin? 

• 668.!On'WfaatdoeBliieartof8olderiagdepaad? 



M«reiiry dm^te only at sarenty-twodegfr^es below the freezing 
poiot 

Emiiy. Tbartis tosay, that in order to freese, it requires a tem- 
peratupe of serenty-two degrees colder than that at which water 
freezes. 

Mn, B. Exactly so. 

CaroHne. But is the temperature of the atmosphere ever so low 
as that ? 

Mr9, B. Yes, often in Siberia ; bnt happily never in this part of 
the globe. Here, however, mercory may be congealed by artificial 
cold ; I mean such intense Cold as can be produced by some chem- 
ical mixtures or by the rapid evaporation of ether under the air 
pump.* 

Garo/tfic. And can meioury be made to boH ftnd evaporate ? 

Mrs, B. Tes, hke any other liquid ; only it requires a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several other 
raetals ; and, if mixed with any of them in a sufficient proportion, it 
penetrates the solid metal, softens it, loses its own fluidity^ and forms 
an amalgam, which is the name given to the combination of any 
metal with mercury, forming a substance more or less solid, accord- 
ing as the mercury or the other inetal predominates. 

Emily. In the list of metals there are some whose names 1 have 
never faiefore heard mentioned. 

Jlfr«. B. Besides those which Sir H. Davy has obtained, there are 
several that have been recently discovered, whose properties are yet 
but little known, as for instance, titanium, which was discovered by 
the Rev. Mr. Gregor in the tin-mines of Cornwall ; colambium or 
tantalium, which has lately been discorered by Mr. Hatcbett ; and 
o8mium,iridium, palladium, and rhodium, all of which t)r. Wollaston 
and Mr. Tenant found mixed in minute quantities with crude plati- 
na, and the distinct existence of which they proved by curious and 
delicate experiments. More recently still Frofessor Berzelius has 
discovered in a pyritic ore, at Fahlon, in Sweden, a metallic sub- 
stance, which he has called nlenmm^ and which has the singular pe- 
culiarity of assuming the form of a yellow gas when heated in close 
Yesseb. In some of its properties this substance seems to bold a me- 
dium between the combustibles and the metals. It bears in particu- 
lar a strong analogy to soipbur. 

CaroHne, Arsenic has been mentioned amongst the metals, I had 
DO notion that it belonged to that class of bodies, for I had never seen 
it but as a powder, and never thought of it but as a most deadly 
poiBon. 

Mr», B. In its pure metallic state, I believe it is not so poisonons ; 
but it has such a great affinity for oxygen, that it absorbs it from the 
atmosphere at its natural temperature ; you have seen it therefore, 

* By a process analogous to that described, page 81, of this work. 

669. At what temperature will mercury congeal? 
, 670. At what temperature will it boU and eraporate? „ ,^ 

671. What ie the oombination of a metal withmercury called .' 
' 672. What netals have been recently discovered ? 

673. Whfti ii the natnnl statoof «iieiNC ? 



164 HBTAtS. 

only in its state of oxyd, when, from ittoombioation with oxygen, it 
bas acquired its very poisonoas properties. 

Caroline, Is it possible that oxygen can impart poisooons quali- 
ties ? That valuable substance wnich produces ligbt and fire, and 
which all bodies in nature are socager to obtain f 

Air*. B. Most of the metallic oxyds are poisonous, and derive 
this property from their union with oxygen. The white lead, so 
much used m paint, owes its pernicious effects to oxygen. In g^en- 
eral, oxygen, m a concrete state, appears to be particularly destmc- 
tive in its effects on flesh or any animal matter ; and those oxyds are 
most caustic that have an acrid, burning taste, which proceeds from 
the metal having but a slight affinity for oxygen, and therefore eaaily 
yielding it to the flesh which it corrodes and destroys. 

Emily, What is the meaning of the word faufltc, which you have 
just used ? 

Mrt, B* It expresses that property which some bodies poaseas, of 
disorganizing and destroying animal matter, by operating a kind of 
combustion, or at least a chemical decomposition- You mast often 
have heard of caustic used to bom warts, or other animal excres- 
cences ; roost of these bodies owe their destructive power to the oxy- 
gen with which they are combined. The common caustic called, 
lunar cauilic^ is a compound formed by the union of nitric acid and 
silver ; and it is supposed to owe its caustic qualities to the oxygen 
contained in the nitric acid. 

Caroline. But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxygen ? 

Jiirs. B. Some of the acids are ; but the caustic property of a 
body depends not only upon the quantity of oxygen which it con- 
tains, but also upoo its slight affinity for that principle, and the con- 
sequent facility with which it yields it. 

Emily. Is not this destructive property of oxygen accounted for ? 

Mrs. B. It proceeds probably from the strong attraction of oxy- 
gen for hydrogen ; for if the one rapidly absorb the other from the 
animal fibre, a disorganization of the substance must ensue. 

Emily, Caustics are, then, very properly said to bum the flesh, 
since the combination of oxygen and hydrogen is an actual com- 
bustion. 

Carfiline. Now, I think, this effect would be more properly term- 
ed an oxydalion, as there is no disengagement of light and heat. 

Jtfrx. B. But there really is a sensation of heat produced by the 
action of caustics 

Emily, If oxygen is so caustic, why does not that which is con- 
tained in the atmosphere burn us ? 

Mrs, B, Because it is in a gaseous state, and has a greater attrac- 
tion for its electricity than for the hydrogen of our bodies. Besides, 
should the air be slightly caustic, we are in a great measure shelter- 
ed from its effects by the skin ; you know how much a wound, bow- 
ever trifling, smarts on being exposed to it. 



674 From what do metals derive their poisonous properties ? 
675. What is a caustic ? 

676., On v^hat does the caustic property of a body depend ? 
677. Hew Is this destructive property of oxygen accounted for ? 
fi'^S.. Jf^o^tygen is of a caustic tendency, why does not that burn 
4IS, which is contained in the atmosphere ? 
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Caroline, It is aciirions idea^lidweirer^ that We afaould Ikwe hi a 
slow fire. But, if the air was oanstie, would it not have an acrid 
taste ? 

. J^rs. B' It possibly may hare such a taste ; though io so slight a 
degree, that custom has rendered it insensible. 
; Caroline. And why is not water caustic ? When 1 dip my hand 
into water, though cold, it ought to bum me from the caustic na> 
tare of its oxygen. 

Mn. B. Your hand does not decompose the water ; the oxygen 
in that state is much better supplied with hydrogen tiian it would be 
by animal matter* and, if its causticity depend on its affinity for that 
principle, it will be very farfrom auiting its state of water to act 
upon your hand- You must not lorget that oxyds are caustic in 
proportion as the oxygen adheres slightlj to them. 

Emily. Since the oxyd of arsenic is poisonous, its acid,I suppose^ 
is fully as much so ? 

Jtfr«. B. Yes, it is one of the strongest poisons in nature. 

Emily, There is a poison called verdi^risj which forms on brass 
and copper when not kept very clean ; and this I have heard, is an 
objection to these metais being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

mUlrs. B, It is produced >by the intervention of oxygen, for verdi- 
gris, is a compound salt formed by the union of vine^r and copper ; 
it is a beautiful green colour, and much used in pamting. 

Emily. But, f believe, verdig^s is often formed on copper when 
no vinegar has been in contact with it. 

Mrs, B, Not real verdigris, but other salts, somewhat resem- 
bling it, may be produced by the action of other acids on copper. 

The solution oroopper in nitric acid, if evaporated, affords a salt 
which produces an efiect on tin that will surprise you, and I have 
prepared some from the solution we made before, that 1 might show 
it to you. I shall first sprinkle some water on this piece of tin-foil, 
and then some of the salt.-— Now observe that I fold it up suddenly, 
and press it into one lump. 

Caroline, What a prodigious vapour issues from it— and sparks 
of fire, I declare ! 

Mrs, B. I thought it would surprise you. The efiect, however, 
1 dare say you could account for^ since it is merely the consequence 
of the oxygen of the salt rapidly entering into a closer combination 
with the tin. 

There is also a beautiful gpreen salt too curious to be omitted ; it 
is produced by the oombtnatien of oobalt with muriatic acid, whic^ 
has the singular property of forming what is called sympaUietieink, 
Characters wntten with this solution are invisible wlien cold, but 
when a gentle heat is appNed^ they aasome a fine bluish green col- 
our. 

Carolme, I think one might draw very curious landscapes witii 
the assistance of this ink ; 1 would first make a water-colour draw- 

679. Why is not water caustic ? 

680. What is vwdigris ? 

681. What experiment is made with a piece of tin^foil and a solu- * 
tioD of eopper ia nitrio aoid ? 

682. What is caUed sympatfaetto ink ? 

683. What are the pecolmrities of this ink? 
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ingr of a winter scene, in which the trees would be leafless, and iUe 
ffraas scarcely green ; I would then trace all the Terdnre wKh the 
invbible ink, and whenever I choose to create spring*, I shoDid 
hold it before the fire, and its warmth wonld cover the landscape 
with a rich verdure. 

JIfi-f. B, That will be a very amusing experiment, and I advise 
you bv all means to try it. 

Before we part, I must introduce to your acquaintance the curi- 
ous metals which Sir H. D^^y has recently discovered. The histo- 
id of these extraordinary bodies is yet so much in its infancy that I 
shall confine myself to a very short account of them; it is more im- 
portant to point out to vou the vast, and apparently inexhaustible 
field of research which has been thrown open to our view by Sir 
H. Davy's memorable discoveries, than to enter into a minute ac- 
count of particular bodies or experiments. 

Caroline. But I have heard that these discoveries, however splen- 
did and extraordinary, are not verv likely to prove of any great 
benefit to the world, as they are rather objects of curiosity than of 
use. 

Mrs. B, Such may be the illiberal conclusions of the ignorant 
and narrow-minded ; but those who can duly estimate the cdvanta- 
ges of enlarging the sphere of science, must be convinced that tbe 
acquisition of every newfoct, however un<M>nnected it may at first 
appear with practical utility, must ultimately prove beneficial to 
mankind. But these remarks are scarcely applicable to the pres- 
ent subject ; for some of the new metals have already proved emin- 
ently useful as chemical agents, and are likely soon to be employed 
in the arts. For the enumeration of these metals, I must refer yoa 
to our list of simple bodies ; they are derived from the alkalies, tbe 
earths, and three of the acids, all of which had been hitherto con- 
sidered as undeconiponndable, or simple bodies. 

When Sir H. Davj^ first turned his attention to the effects of the 
Voltaic battery, he tried its power on a variety of compound bodies, 
and gradually brought to light a number of new and interesting 
fects, which led the way to more important discoveries. It would 
be highly interesliog to trace his steps in this new department of 
science, but it would lead us too fiir from our principal Object. A 
general view of his most remarkable discoveries is all that I can aim 
at, or that you could, at present, understand 

. The facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its effecto on substances 
hitherto considered as simple, but which he suspected of being com- 
pound, and his researches were soon crowned with the most com- 
plete success. 

The body which he first submitted to the Voltaic battery, and 
which bad never yet been decomposed, was one of the fixed alkalies 
called potash. This substance gave out an elastic fluid at tbe pos- 
itive wire, which was ascertain^ to be oxjg^n, and at the negative 
wire, small globules of a very high metallic lustre, very simuar in 

684. What induced Sir H. Davy to try the effects of the Yoltaic 
battery on substances till then considered simple ? 

685. What was the first substance which he submitted to the 
Voltaic battery ? 

686. What was the effect .^ 
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appearance to mercury ; thus proriog: that potash, which had hith* 
erto been considered as a simple incombuanble body, was in fact, 
a naetadlic oxyd ; and that its r incombustibility proceeded from its 
being already combined with ozyffen. 

Emily.' I suppose the wires used in this experiment were ofplatf- 
na, as they were when you decomposed water ; for if of iron, the 
of y^n would Wve been combined with the wire,in8tead of appear- 
ing m the form of ^. 

Jir$^ B. Certainly; the metal however, would equally have 
been disengaged. Sir H.Dayy has distinguished this new substance 
by the name of K>TAssiuM,which is derived from that of the alkali, 
from which it is procured. 1 have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. 

JSmUy. What is the liquid in which you keep it ? 

JUrs. B. It is naptha, a bituminous liquid, with which I shall 
hereafter make yonacquainted. It is almost the only fluid in which 
pottassium can be preservedfBs it contains no oxygen,aDd this metal 
lias so powerful an attraction for oxygen, that it will not only absorb 
it from the air, but likewise from water, or any body whatever^ 
that contains it. 

Emily, This, then, is one of the bodies that, oxydates spontanor 
ously without the application of heat. 

Jan. B. Tea : and it has this remarkable peculiarity, that it at- 
tracts oxyg^en much more rapidly from water than from air : so that . 
when thrown into water, however cold, it actually bursts into flame. 
I ahall now throw a small piece, about the size of a pin's head, on 
this drop of water. 

Caroline* It instantaneously exploded, producing a little flash of 
light i This is, indeed, a most curious substance ! 

Mrt* B. By its combustion it is re-converted into potash ; and 
as potash is now decidedly a compound body, I shall not enter into 
any of its properties till we have completed our review of the sim- 
ple bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, but 
without any flash of light. 

Emily, But is it not very singular that it should bum better in 
water than in air ? 

Caroline, I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difficulty in separating 
it from the hydrogen in water, than in absorbing^ it from the air, it 
will no doubt, be more amply and rapidly supphed by wuer ^an 
by air. 

Jlfr«. B. That cannot however, be precisely the reason, for when 
potassium is introduced under water, wilbout contact of air, the 
combustion is not so rapid, and, indeed, in (hat case there is no lu- 
minous appearance ; but a violent action takes place, much heat, 
is excited, the potash is regenerated and hydrogen gas is evolved,. 

087. What did this prove? 

688. What is this new substance called > 

689. What fluid contains no ox3rgen ? 

690. What remarkable peculiarity has potassium* 

691. How may potassium be recomposed P 

693. What wiU be the result if poUssimn is put under water with- 
out being in contact with atr ^ 
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PotiMiiim u 80 emioently oomlmitilile, that inslead «f raquirisg. 
like other metals, aa eleration of tempemtore, it will bttm jm^ 
idly in contact with water, eren below toe fireezinff point This joa 
iDa? witneu by throwing^ a piece on this lamp of ice. 

Caroline. It again exploaed with flame, and has made a deep 
hole in the ice. 

Jin, B, This bole contains a solntion of potash : for the alkali 
being extremely soluble, disappears in the water the instant it is 
T>roda(^. Its presence, bowerer, may be easily ascertained, alka- 
lies baring the properties of changing paper, stained with tnrmenc, 
to a red colour ; if yon dip one end of this slip of paper ioto the 
hole in the Ice, you will see it change colour; and the same, if jon 
wet it with the drop of water in which the first piece of potaswnm 
was burnt. 

Caroline. It has indeed changed the paper from yellow to red^ 

Jtfrt. B. This metal will bom likewise, in carbonic acid^^ a 
gas that has always been supposed incapable of snpportmg combos- 
tion, as we were unacquainted with any substance that had ag^reat- 
er attraction for oxygen than carbon. Potassium, however, readi- 
ly decomposes this gas by absorbing its oxygen, as I shall show you. 
This retort is filled with carbonic acid gas. I will put a small 
piece of potassium in it ; but for this commistion a slight eleration 
of temperature is required, for which purpose I shall hold the retort 
orer tne lamp. 

Caroline, Now it has taken fire and bums with riolence ! It has 
burst the retort. 

Jirt, B, Here is a piece of regenerated potash ; can yon tell me 
why it has become so black ? 

Emity, No doubt it is blackened by the carbon, which, when its 
exjTg^n entered intocombination with the potassium, was deposited 
on its surface. 

Jdre, B, You are right. This metal is perfectly fluid at thetem-. 
perature of one hundred degrees; at fifty degrees it is solid, but 
soft and malleable ; at thirty-two-degrees it is hard and brittle, and 
its fracture exhibiis an appearance m confused crystallization* It 
is scarcely more t^kan half as heavy as water; its specific gravity be- 
ing about six, w&en water is reckoned at ten ; so that this metal w 
actually lighter than any known fluid, even than ether. 

Potassium oombines with sulphur and phosphorus, farming sul- 
phurets and vbosphorets ; it likewise forms alloys with, several met- 
als, and am9lgamates with mercury. y 

Emily, But can a sufficient quantiy of potassium be obtained, by 
means of rhe Vokaic battery, to admit of all its properties and rela- 
tions to other bodies, being satisfactorily ascertained f 

Mrts B, Not easily ; but I must not negleot to inform you that a 
methsd of obtaining this metal in considsrable'quantities, has since 
beea discovered. Two eminent French chemists, Tbenardnnd 
Gay Lussac, stimulated by the triumph which Sir H« Davy had oh- 

— < — — ; ^p-, . 

693. At how low a temperature will potassium burn in contact 
with water ? 

694. Why, until the discovery of potassium,, had carbonic acid 
gas been considered incapable m supporting combustion f 

695. How does potassium decompose this gas ? 

696. What metal is lighter than aay known fluid r 



iadmd» atSoaplad io sepsnle potunnm ftom its combination with 
oxygan, bv.tMnyBio&dheiB«»l meaps, and withottt tiiie md of eleo- 
tricity. Ttej earned red-lidt potash in a.state of fusion, to filter 
thmivb. iron jtnmings in an iron t^iibe, heated to whiteness. Their 
expeMflDt was crowned with, the m08t complete success; more 
potasainm was •btained.by a single operation, than could have been 
OflfieeDBd in many weeks by the most diligent use df the Voltaic 
battery. 

Ikmiy. In this experiment, Isupposethe oxygen quitted its com* 
himtion with the pcritessium, to nntte whh the iron turnings ? 

Jdrt. S. fixactiy so ; and thus the potassium was obtained in its 
aiiDpfaaslate. Fran that time it has become a most convenient and 
pgwerftd instrument of deoxygenation in chemical experiments. 
j^us important imprgrement, emrrafted on Sir H. Dary's preyious 
diacoreries, senred but to add to his glory, since the facts which he 
had ettablidied, when possessed only of a few atoms of this curious 
mbstance, and the accuracy of his analytical statements were all 
ooBfirmed, when an opportunity oocurred of repeating his experi- 
ments upon this substance, which can now be obtained in unlimited 
qnandtieB. 

Caroime. What asatisfiustiod Sir H. Davy must have felt, when 
Vy an eflbrt of genius he succeeded in bringing to li{^, and actually 
^ving existence to these curious* bodies, which without him might 
perfaapa have ever remained coneealed firom our view ! 

Jlfr«. B. The next substance which Sir H. Dary submitted to the 
iofloence of the Voltaic battery was Soda^ the other fixed alkali, 
irnich yielded totfaesame powers of decomposition ; from this alkali, 
too, a metallic substance was obtained, yeiyanalagons in its proper- 
ties to that which had been discovered in potash ;— Sir H. Davy has 
called it Sodium. It is rather heaTier than potassium, though con- 
aiderably lighter than water; it is not so easily fusible as potassium. 

Enoouraged by these extraordinary results, Sir H. Davy next 
performed a series ctf beantiibl experiments on Ammonia, or the vo- 
ialile alkali, which, from analogy, he was led to suspect might also 
Contain oxygen. TUs he soon ascertained to be tiie (act, but he 
haa not yet succeeded in obtaining the basis of ammonia in a sei>a* 
rate state ; it is from analoay , and Itom the power which the volatile 
alkali has, in its gaseous form, to oxydate iron, and also'from the 
amalgams which can be obtained from ammonia by various proces- 
aea, that the proofs ofalkali being also a metallic oxyd are deduced. 

Thus, then, the three alkalies, two of which had always been con- 
sidered as simple bodies, have now lost all claim to that title, and 1 
hare accordingly classed th^ alkalies amongst the compounds, 
whose properties I shall treat of in a fiiture conversation. 

Smikf. What are tiie other newly disoovered metals which you 
have aimed to in your list of simple bodies ? ' 

» m - 

■ I I I I I ^ ■ , 11 — - - - ■ ■■■■—■■— ^ I - I _^_^^ 

697. How may potassium be obtained in large quantities f 

698. In the experiment for obtaining potassium, why did the osy- 
gen quit that substance? ,.. . 

699. What was the next substance submitted to the influence oi 
the Voltaic battery? 

700. What was the effect? , _r_ - 

701. What is the substance prodnocd by the decampesidmi of 
Sola called? 

15 
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Jtf r«. B, Tbej are the metals of the earth which became next tto 
object of Sir. H.JOary** researches; these bodies had aerer yet been 
decomposed, thoarh they were strongly suspected, not only of beia^ 
compounds, but of being metallic oxyds. From the circulnstance 
of their incombustibility it was conjectured* with some plaosibility, 
that they might possibly be bodies that had been already barnt. 

CaroUne, Andmetals, when oxydated, become, toali appearanc^e, 
a kind of earthy substance. 

Jdrt, Bm They hare, besides, sereral features of resemblaiice 
with metallic oxyds; SirH. Dayy bad, therefore^ great reason 
to be sanguine in his expectations of decomposing them, and be was 
not disappointed. He could not, however, succeed in obtaining' the 
basis of the earths in a pure separate state"; but metallic alloys were 
formed with other metals, which sufficiently pro?ed the existence 
of the metallic basis of the fearths. 

The last class of new metallic bodies which Sir H. Davy disco- 
vered was obtained from the three undecom pounded acids, the bo- 
racic, the fluoric, and the muriatic acids; hut as you are entirely 
unacquainted with these bodies, I shall reserve the account of their 
decomposition till we come to treat of their properties as acids. 

Thus in the course of two years, by the unparalleled exerti6ns of 
a single individual, chemical- science has assumed a new aspeot. 
Bodies have been brought to light which the human eve never be- 
fore beheld, and which slight have remained eternally concealed 
under their impenetrable disguise. 

It is impossible at the present period to appreciate to their full 
extent the consequences which science or the arts may derive from 
these discoveries; we may, however, anticipate the most important 
results. 

In chemical analysis we are now in possession of more energetic 
agents of decomposition than were ever before known. 

In geology new views are opened, which will probably operate a 
revolution in that obscure and difficult science. It is already pro- 
ved that all the earths, and, in fact, the solid surface of this globe, 
are metallic bodies mineralized by oxygen, and as our planet has 
been calculated to be considerably more dense upon the whole than 
it is on tlie surface, it is more reasonable to suppose that the interior 
of the earth is composed of a metallic mass, the surface of which 
Only has been mineralized by the atmosphere. 

^ The eruptions of volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.* For if the bowels of the earlb 
are the grand recess of these newly discovered inflammable bodies, 
whenever water penetrates into them, oombustions and explosions 

* It is always easy to form a theory. Butan explanation of these 
«< stupendous probienis of nature," we believe has not yet been de- 
monstrated to the satisfaction of all, though great learning and im- 

702. What peculiarities have the new metals, discovered by Sir 
H. Davv? 

703. .What reason had Sir H. Davy for supposing the metals 
might be decomposed ? ^ 

704. What are earths supposed to be? 

705. What is supposed to form the principal interior part of our 
globe ? 
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laast take place ; and it it remarkable i!bat the lava' which is throtm 
out, ia the Fory kind of substance which might be expected to re» 
suit irom these oombuBtionB* 

1 nrast now take my leare of you ; we hare had a very long con- 
venation to-day, and I hope you will be able to recollect what you 
have learnt. At our next mterview we shsdl enteron a new subject. 



CONVERSATION XIIl. 

ON THE ATTRACTION OP COMPOSITION. 

^ Jtfrf. B. Having completed our examination of the simple or 
elementary bodies, we are now to proceeed to those of a compound 
nature ; but, before we enter on this extensive subject, it will be 
necemry to make^ou acquainted with the principal laws by which 
chemical combinations are governed. 

You recollect, I hope, what we formerly said of the nature of the 
attraction of composition, or chemical attraction, or affinity, as it is 
also called. 

Emily. Yes, I think, perfectly; it is the attraction that subsists 
between bodies of a different nature, which occasions them to com- 
bine and form a compound, when they come in csontact ; and, ac- 
cording to Sir H. Davy's opinion, this effect is produced by the 
attraction of the opposite electricities, which prevailed in bodies of 
different kinds. 

Jlfr«. B. Very well ; your definition comprehends the first law 
of chemical attraction, which is, that ii taket place only between 
boiiet of a d^erent nature ; as, for instance, between an acid and 
an alksui; between oxygen and a metal. Ice. 

CktroHne, That we understand of course; for the attraction be- 
tween particles of a similar nature is that of aggregation, or cohe- 
sion, which is independent of any chemical power. 

Mrs. B. The second law of chemical attraction is, that U takes 
place only between the most minute particles of bodies ; therefbre, the 

mense labour has been bestowed on the subject If the '* easy ex- 
planation^ is founded on the data here proposed, riz. that the solid 
surfece of our ^lobe consists of nothing except metals and oxvgen— 
such a theory in the present state of knowledge, must chiefly con- 
stst^of ftt/ipohfioii piled on sypposUion ; there oehig as yet no proof 
that the erust of tne earth is formed only of these two elements.— 
C. 



706. How are volcanoes accounted for? 

707. What do you understand by the attractioD of composition ^ 

708. What cause does Sir H. Davy assign for the attraction be- 
tween bodies of a different nature ? 

709. What is the first law of chemical attraction ? 

7ia What is the attraction between particles of a similar nature 

called? ^ ^ 

711, What the second law of chemical attraction r 
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yoil diMe Um pirtideidf tfirMM toiieeiiiiiMa, ttie 
meow rmdily tbBj Mstii(wn each othoR.' 

. Caroiku, ThatiianmaciiciuiittancAiHbiofriMiBiBbtlwvei^ 
fiffred; fer Ifaa' fiuar^ puticlfii flf the t^o fobMunw mre, the 
moreeBiily«iid.p«fff6ct^ &i«y; idttoooie »<iokitact widi oaofa otber^ 
whicb m«t gnady meilitat» tfaeir midD. It wm for tUs fsr- 
poie, yov nidf that yon. used iron filings, in preference to wires or 
piectt of iron, for tiie decomposition of water. 

Jin. B. It was once supposed that no mechanical power coold 
diride bodies into particles sufficiently n^nute for them to act on 
each other ; and uiat, in order to produce the extreme diyision re- 
quisite for a chemical action, one, if not both of the bodies, should 
be in a fluid state. There are, howerer, a fow instances in which 
two solid bodies, very finely pidrerized, exert a chemical action on 
one another ;* but such excq>tionsto the general rule are yery^nre 
indeed. 

Emily, In all the combinations that we have hitherto seen, one 
of the constituentB has, I beliere, been either liquid or aeriform. In 
combustion, for instance, the oxygen is taken from the atmosphere, 
in which it existed in a state of gas ; and whenever we have seen 
acids combine with metals or with alkalies, they were either in a 
liquid or an aeriform state. 

Jltrt, B. The third kiw of chemical attraction is, that it can ktke 
place between two, threes four, or eoen a greater number of bodUf* 

Caroline. OxYds and acids are bodies composed of two constitu* 
ente, but I recollect no instance of the comoiaation of a greater 
numl^r of principles. 

Jtfr«. B. The compound salts, formed by the union of the metals 
with acids, are composed of three pnncipies. And there are setts 
formed by the corabmation of the aftalies with the eartha whick are 
ofa similar description. 

Caroline. Are they of the same kind as the metallic salts? 

Jlfrs. B. Tes ; they are yery analogous in their nature, although 
different in many of tneir properties. 

A methodical nomenclature, similar to that of theacids, has been 
adopted for the compound salts. £ach indiyidttal salt deriyes its 
name from its constituent parts, so that eyery name implies a know- 
ledge of the composition of the salt. 

The three alkalies, the alkaline earths, and the metals, are catted 
ealifiabie bases or radieals ; and the acids, saUfyingprineiples* The 
name of each salt is composed botb a( that oftbe acid and tiie sadifi- 
able base ; and it terminaytea in ol or tl according to the degree of the 
oxygenation of the aeid. Thus, for instance, sSl those salts which 
are firmed by the combination of the sulphuric add with any of the 
salifiable bases, are called stUphats^ and the name of the radical is 

* This is the case with muriate of ammonia and quick lime.— C. 

712. What. is necessary in order that chemical action take place 
between di^rent bodies? 

713. What thethirdbiw of chemical attraction? 

714. How are compound salts formed? 

715. What are called salifiable bases or radicals ? 

716. What are called saK^ing pmdplea^ 

717. How do salts ending m «te diifer from those ending in eie ^ 
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'addedibriba99«cifi& distinction of the 89lt; ifit be potasb^ it will 
compote tLtu^jmai of potash ; if ammonia, aulphat ^ ammonia^ ^c. 
Emily, The crystals which we obtained from the combination of 
fron andf sulphuric acid were therefore tulphai ijfWon ? 

Mrt. B, precisely ; and those which we prepared by dissolTing 
copper in nitric aoid, niit'ol of copper^ and so on. Bat this is not 
all; if the salt be formed by that class of acids which ends in oti«, 
(which you know indicates a kss degree of oxygenation,) the termi- 
nation of the name of the salt will be in t<, as nt^ftkU of poUuh, iul- 
phU ofammoma^ Sfc. 

Emiiy* There must be an immense number of compound salts« 
since there is. so great a variety of salifiable radicals, as well as of 
salifying principles. 

Jllrf . A. Their real number cannot be ascertained, since it in- 
creases CTery day. But we must not proceed further in the inves- 
tigation of the compound salts, until we have completed the exam- 
ination of the nature of the ingredientsof whiel^ they are composed. 

The fourth l«w of chemical attraction is, that a mange^Umj^' 
cUure alfcatfi takes pkue at the moment ^eombmaUon. This arises 
from the extrication of the two dectricitiesin the form of caloric, 
which always occurs when bodies unite ; and also sometimes in 
part from a change of capacity of the bodies for heat, which always 
takes place when the combination is attended with an increase of 
density, but more especially when the compound passes from the li> 
quid to the solid form. I shall now.show you a striking instance of a 
change of temperature from chemical union, merely by pouring 
some nitrous acid on this small quantity of oil of tttrpentine-«-the oil 
will instantly combine with the oxygen of the acid, and produce a 
considerable change of temperature. 

Caroline. What a blaze ! The temperature of the oil and the 
acid must be greatly raised, indeed, to procure such a violent com* 
bustion. 

Jfefrt. B. There is, bowever, a pecoliarity in this combustion, 
which is, that the oxygen, instead of being derived from the atmos- 
pheric air alone, is principally supplied by the acid itself. 

Emily. And are not ^ combustions, instances of the change of 
temperature produced by the chemical combination of two bodies r 

Jlfr#. B. Undoubtedly ; wlien oxygen loses its gaseous form, m 
order to combine witli a solid body, it becomes condensed, and the 
caloric evolved produces the elevation of temperature. The speci- 
fic mvity of bodies is at the same time altered by chemical combi- 
nation ; for in consequence of a change of capacity for heat, a change 
of density must be produced. 

Carmne. That was the case with the sulphuric acid and water, 
which, by being mixed together, gave out a great deal of heat, and 
increased in density. ^ 

718. How do acids ending in if differ from those ending in ous ? 

719. What is the fourth law of clttemical attraction? 

720. From what does the change of temperature arise? 

721. What is an instance of increase of temperaturfe from chem- 
ical union? 

7» Is the specific gravity of bodies, affected by chemical com- 
bination ? 

13*- 
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EmUy* Oif whatmoM tfn&d Aufj^ilof irofl^tlHai fatmortvl' 
pbaric acid f 

Mt9,B. Every dteiaii^ eoiibtflnltiftflrii ilit ittB^ 
mle. Butletii»|nr6Gecid-^ 

The dxtfa law is, that ike force ofehemkad affiMy htltmmih^ inm- . 
«ftliioif^ o/abody ii etUinaied MthoB iifkklk t* tMH/nd for Ihar I 
seotKhUioh, Thn ibrce ift ncM' alu^y* pMiponioinl to the &cilitf * 
with which bodies unite : for manganese, tor instandC; whieb yon 
lcno#, is so much disposed to. uiite with oxygen, that it is nerer 
fotttid in a metallic state, yields it more easily than any other metal. 

EmUff. Btit, Mrs; B., you speak of estimating the mrce of attrac- 
tion betwoeii bodies, by the foh^e required to sepavato them-; how 
can you measure these forces ? 

Jan, S. They caaiot be prcdsely mMitihRl, but they are com- 
pau^tiTcIy aMwi^ined by^^cpeda^t, and can be reprosented by 
numbers which eiLpress, at least by appro3£imation, the r«latiro de- ^ 
grees of attratotioft. 

Tho seventh law is, that bodies habt amof^a ihmtu^^ei different 
degrees of attraeHon* Upon this law, (wmeh you mayh«?edis^ 
covered yourselres long since,) the whole science of chemistry de- 
pends : for it is by meandoftiieyarious degreeb of affinity which 
bodies have for each other, that all the chemical compositions and 
decompositions are effected. Every chemical fact or experiment is 
an instance of the same kind ; and whenever the decomposltioD of 
a body is performed by the addition of any single new substance, 
it is said to be effecteo by simple elective (tttracHo^. But it often 
happens that no simple substance will decompose a bodv, and that, 
in order to effect this, you must off"er to the compound a body which 
is itself composed of two, or sometimes three principles, which 
would not, each separatdy, perform the decomposition. In this 
ca^e there are two new compounds formed in consequence of a re- 
ciprocal decomposition and recomposition. Ail instances of this 
kind are called double elective aUracHons, 

Cwrbline. I confess I do uot understand this clearly. 

Mfs. B, You will easily comprehend it, by the assistance of this 
diaffrafn, in Which the reciprocal forces of attraction are represent- 
ed by numbers : . 

723. What is the fifth law of chemical attraction ? 

'3^24. What IS the sixth law of chemiOal attraction ? 

725. What is the seventh law of chemical attraction ? 

!?^ V^]^^ l^hat does the whole science of chemistry depend ? 

727. What is a simple elective attiadtion ? 

728. What is a double elective attraction? 



or csovfoeivsey. 
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mtrate of Lime. 

We here suppose tbat we are to decompose snlphat of soda ; that • 
is, to separate the acid from the alkali ; if ibr this purpose, we add 
some lime, in order to make it combine with the acicu we shall fail in 
our attempt, hecattse the soda and the salphurio acid attract each 
other by a fbrce which is superior, and, (by way of supposition) is 
represented by the number 8 ; while the lime tends to unite with 
tbu acid by an affinity equal only to the number e. It is plain, 
therefore, that the sulphat oi so<ia will not be decomposed, since a 
force equal to« cannot be overcome by a force equal* only to 6. 

Caroline^ So iar, this appears rery clear. * 

JIfr*. B. If on the other hand we endeavour to decompose this 
salt by nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid tends to unite with the alkali by 
a finrce equal only to 7. 

in neither of these cases of simple elective attraction, therefore, 
can we accomplish our purpose. But let us previously combine to- 
gether the lime and nitric acid, so as to form a nitrate of lime, 
a compound salt, the constituents of which are united by a power 
equal to 4. If then we present this compound to the sulphat of so- 
da, a decomposition will ensue, because the sum of the forces which 
tend to preserve the two salts in their actual state, is not equal to 
thatof the forces which tend to decompose lhtem,and to form new 
conibinatiODs. The nitric acid, therefore, will combine with the so- 
da, and the sulphuric acid with the lime.* 

* Sappoee we say thus. The sulphuric acid attracts aoda with a 
stronger ftfrce than it does Ume, and soda has a stroufffer affinity for 
sulphuric acid than it has for nUric add. It is plain then, that nei- 
ther lime nor nitric acid alone will decompose the sulphat of soda.— 
Now if we unite the nitric acid and lime, we form nUraJte of /tme.— 

729. What is represented in the diagram ? 

730, WhatUsaidinth9VMUofth6gihjtctofiM$diagrm 
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Caroline* I ttodentaiidyov ooir very veil. This double effect 
take place because the namben 8 and 4, which represent the de- 
grees of attractmn of the coDstitaents of the two original salts, make 
a sum less than the oumbers 7 and 6, which represent the degrees of 
attraction of the two new compounds that will in consequence be 
formed. 

Mrs. B. I^^cisely so. 

Caroline, lut wliat is the meaning o(quie$eeni and dineUent for- 
ces, which are^ written in the diagram ? 

Mrt. B. Quiescent forces are those which tend to preseire com- 
pounds in a. state of rest, or such as they actually are : diTellent 
forces^ those Which tend to destroy that state of combination, and 
to form new dbm pounds. 

These are th6 principal circumstances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
ern chemists : a few others might be mentioned "respecting the 
same theory, but of less importance, and such as would tidre as too 
far from our plan. I should however, not omit to mention that Mr. 
Berthollet, a celebrated French chemist, has questioned the uni- 
form operation of elective attraction, and has advanced the opinion 
that, in chemical corobioations, the changes which take plaoe and 
the proportions in which bodies combine, depend not only upon the 
affinities, but, also, in some degpnee, on the respective quantities of 
the substances concerned, on the heat applied during the process, 
and some other circumstances. 

Caroline. In that case, I suppose, there would hardly be two 
compounds exactly similar, though composed of the same materials? 

Jurt. B. On the contrary it is found that a remarkable uniform- 
ity prevails, as to proportions, between the ingredients of bodies of 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of hy- 
drogen gas to one of oxygen, and this ^ always found to be precise- 
ly w proportion of its constituents, from whatever source the wa- 
ter be derived. The same uniformity prevails with r^^ard to the 
various salts ; the acid and alkali, in each kind of salt, being al- 
ways found to combine in the same proportions. Sometimes, itir 
true, Che same acid, and the same alkali are capable of making two 
distinct kinds of salts ; but in all these cases it is found that one of 
the salts con tains jQst twioe, or insome instances, thrice as muck 
acid, or alkali, as the other.* 

But the nitric acid has not so strong an affinity for the lime as it has 
for soda. On mixing the two salts in solution therefore, the ni- 
tric acid quits the lime, and combines with the soda. Thisleares 
the sulphuric acid and the lime free and uncombined ; they then 
unite and form sulphat of lime. — C. 

*The student already understands, that in chemical combinations 
the union takes place only between the particles, or atoms, of sub- 
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731. What are quiiescent forces ? 

732. What are divellent forces ? 

733. What was the opinion of BerthoUet upon chemical combi- 
nations ? 

734. What remarkable uniformity i% found to exist in chemical 
combinations ? 
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and to watt dwfined^ hoir can Mr, BerthoBet^ rempek be recomntod 
with this nDiform system of oomlniiaEtiaB^ 

Jtfrf. F. Grest as that phih»opheT% znAotitj is in chenistiy/it 
is now generally sofmosed that fais doubts on tins subject wen, in a 
^reat degree, groundless ; and tfaattiie -exceptions he luis obsenred 
in the lairs of definite fnroportionsy have been only apparent, and 
may be accounted for consistently with those laws. 

Endfy. r think T now UBderstand this law of definite proportions 
rery well, so far as it regards the gases, such as oxygen and hydro- 
g'en, in the instance you hare just mentioned ; but in the case of 
acidk and alkalies, when the bodies are either liquid or scdid, I do not 
coBG0tte how their bulks or volmnes can be measured in order to 
ascertain the proportion in which they combine. 

JIfrff. B. Your question is quite in point; the hd is, that the law 
of combination by volume^ does not prevail in regard to liquids and 
solids. In these, we muet leave the circumstance of bulk' ottirely 
out of consideration. It is to their weight that we must attend, in 
determiniiurthe proportioBs in which the]^ combine ; and, according- 
ly, if we Me the combining substances in a state of perfect puridr, 
and ascet^m with great accuracy, once for all, the proportions by 
weig^At, in which they unite, we shaii find that in every otiier instance 
in which these substances have an opportunity of cpmbinin|r, they 
will unite in the same proportions, and in no other-^ unless it be in 
such proportiaas that one of the bodies shall be, in weight, exactly 
double, triple, or quadruple what it was in the former combination. 

stances. These atoms, it is supposed ans indivisible, being the ulti- 
mate partiokw of which bodies are composed, in chemical eombi^ 
nations, then, where substances are eapable of Uniting in only one 
prepovtnm, this must be atom to atom. Thus oxygen and hydr%en 
unite only in the proportions of i 00 of the former to 750 of the latter 
by weight. Here an atom oi oxygen unites to an atom o{ hydrogen 
to fena water ; but the atoms of oxygen are seven and an half times 
heavier than those of hydrc^^. 

When substances unite in several propertions, the second and 
third are always multiples of the first. Thus li)0 parts of matt^- 
neae, will unite to 1i, 28, 42, or 56 of oxygen, but not with anv u- 
termediate quantity, as with 12, 20, 60, &c. This law of definite 
proportions, so fiir as is known, holds good, where the rescdttnj^ com- 
pound differs widely from either of the substances of which it is com- 
posed, as in the salts, compound minerals, ftc. The theory of defi- 
nite proportions is explained hy supposing that a substance which 
we shall call A., unites with another substance B., atom to atom, and 
that this forms a certain compound. When th^ unite in the se- 
cond proportion, two atoms of B^ unite to one of A«, and this fi)rms 
another compound, and so on, until the atoms of A. can unite to no 
moreofB.— C. 

735. in what proportimis do oxygen md faydragCB unite to form 
water? 

736. How much heavier is oxji^fen than hydrogen? 

737. When acids and alkalies unite in several proportions, what 
ration do these propnrtions'bear to eKcb other ? 
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Caroline. Thisineiittiresagooddeal ofatteatioo lobe well unAer- 
stood ; and I should like to have it iilastrated by some fiarticolar 
examples of these differeot combinatioDS 

Mr8. B. Nothings easier than to satisfy yon in this respect. For 
instance, vrith regard to balk, nitrogen gas is capable of combining: 
with oxygen gas, in different proportions : thus, one volome of ni- 
trogen, by combining with one rolnme of oxygen, forms the sub- 
stance called nitrous gsjn; with two volames of oxygen, it fonns ni- 
trous acid ffas, &c. And with regard to solids and liquids, the pro- 
portions of which are estimated by weight, I may mention, as as 
example, the case of the salt called snlphat of potash, in which z 
given weight of potash may combine with two different proportions 
of solpburic acid; but the quantity of acid in one case is exactly 
double what it is in the other. 

Emily. And pray what can be the cause of this singular nnifor- 
imty in the law of combination ? 

JfiTrf . B. Philosophers have not been able to give os any decisive 
information upun this point; but they have attempted to explain it 
in the following manner t since chemical combination takes place 
between the most minute particles of bodies, may ^o ijfK suppose 
that the smallest particles or portions in which bodies combine, (and 
which we may call chemicaljaionu]^ are capable of uniting together 
one to one, or sometimes one to two, or one to three, &c. but that 
they cannot combine in any intermediate proportion. / 

Emily. But if an atom was broken into two, an intermediate com- 
bination would be obtained? 

Jtfrff. B. Yes ; but the nature of the atom is incompatible with 
the idea of any ftulher divi8i<m ; since the chemical atom is the 
. smallest quantity which chemistry can obtain, and such as do me- 
chanical mcsans can possibly Subdivide. 

Caroline^ And pray, what is the use of all this doctrine of defim'te 
proportions .' 

Jnrs. Bf It is very considerable ; for it enables chemists.to form 
tables, by which they can see at one glance the oompoaitioii of ail 
the bodies which have been accurately analyzed, and ascertain in 
an instant what quantity of one body will be necessary to decom- 
pose a certain quantity of another ; and, in general, such tables serve 
to present, in one view, the result of any chemical decomposition, 
and the quantities of the new compounds. formed ; by which means, 
a considerable saving of labour is gained, either in enabling us to 
calculate beforehand the results of any manufacturing operations ; 
or in estimating those obtained in analytical processes. , But I per- 
ceive the subject is becoming rather too intricate for us. We must 
not run the risk of entering into difficul^es which migbtconfuse 
your ideas, and threw more obscurity than interest upon this ab- 
struse part of the philosophy of chemistry.* 

* This would have been the |)roper place for mentioniiig Dr. 
Wollaston's ^cale of chemical equivalents; but the subject has been 
thought to impltsome considerations not snfficiently elementary for 
the purpose of ttiis book. It may, however, be just mentioned, that 
the principal object of this scade is to give a tabular view of the 
proportions in which the several acids ami bases combine in forming 
their respective salts, and likewise to indicate the equivalent com<^ 
pounds which result from their decomposition. The great utility of 
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Caroline. Pray, Mrs. B.,can you deciompdse a salt by means of 
eleotricitf, io ^e same vray as we decoihp<»e water? 

Jlfrr. B, Undoubtedly : and I am g[4ad thb qaestioQ ocearred to 
you, bepanse it gives me an opportunity of showings you sotne very 
interestinpf experiments on the subject. 

If we dissolve a quantity, however small, of any salt in a glass of 
water, and if we plunge into it the extremities of the wires, which 
proceed from the two ends of the Voltaic batter}', the salt will be 
gndasdly decomposed, the acid being attracted by the positive, and 
the alkali by the negative wire. 

Emiiff. out how can you render that decomposition perceptible ? 

•Mrs, B. By placing in contact with the extremities of each wire, 
in the sc^ution, pieces of paper stained* with certain vegetable co- 
lours, which are altered by the contact of an acid or an alkali. Thus 
this blue vegetable preparation called litmus, .becomes red when 
touched bv ap acid; and the juice of violets becomes gree^ by the 
contact of an alkali. 

But the experiment can be made in a much moretlis(in<?t'manner, 
by receiving the extremities of the wires into difierent vessels, so- 
that the alkali shall appear in one vessel^ and the acid in the other. 

Caroline. But then the Voltaic circle will not be completed; hoia^ 
can the eiect be produced f 

Jlfr«. B. You are right ; I ought to hard added that the two ves- 
sels must beconnectediogether by some interposed substance, capa- 
ble of conducting electricity. A piece of moistened cotton wick an- 
swera- this purpose very well. Tou see that the cotton has one end 

Fig. 31. 




lotUnots of Cbenical <iecoinpo(iti«a bj the Voltaic Battery. 

immersed in one glass, and the other end in the other, so as to esta- 
blish a communication between any fluids contained in them. We 

this scale, and the peculiar properties which it possesses, though not 
very easily described, may be readily understood on iDspecting the 
instrument, which should be in the handsof every chemical student. 

738. Can a salt be decompos^ by means of electricity ? 

739. When a salt is decompcffied by Galvanism, at which pole 
does the acid appear } 

740. How would you explain Fig. 31 ? 
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shaH JMur put into eacbvof tliegiaMesa little ^lauber salt, or sulphftt 
of soda, (which icoosists of an acid and alkali ] and tfaoivfe shaUtQ 
the gfauMS with water* which will dinolve the salt. Let ua mm 
connect the glasses by means of the wires, (e. d.) with the two eads 
of the battery, thus .... , 

CarbU$he, The> wires are already giring out small bubbles : is this 
owing to the decomposition of the salt ? 

Mr$, B, No : these are bubbles produced by the deoompoaitioii 
.of the water, as yoi» saw in the former experiment. In ord^ to ren- 
der the separation of the acid from the alkali. Tisible* I poar into the 
glass (a) which is connected with the popitive wire, a few dropa of a 
solution of litmus, which the least quantity of acid tarns red ; and 
into the other glass, (b\ which is connected with the negattre wire, 
I pour afewdropsoitnejuiceofvioleta . ... 

Emily. The mae solution ia already turning, red all round the 
wire. 

Caroline* And the yiolet' solution is beginning to turn green. 
This is indeed rery singaSar ! 

Mft, B. You will be still more astonished when we vary tiieez< 
periment in this manner :— .These three glasses (f, g, h,) are, as io 

the former instance, 
connected together by 
wetted cotton, bot the 
middle one alone con- 
tains a saline solntioDi 
1^ two' others fantaia- 
iog only distilled water, 
coloureid as before by 
yegeti^l^ infasions.*- 

lutaoee. of Ch«mi«.I dtacompoiitio. by &• VolUk BatteTj. ^Ct, OU making theOOD- 

nection with^e batte- 
ryy the alkali will appear in the neg^tire glass, (h,) and the acid in 
the positive glass (r,} though neither of them contained any saline 
matter. 

EwUy, So that the acid and alkaK must be conveyed right and 
left from the central glass, into the other glasses, by^means of the 
connecting moistened cotton ? 

Mrs. B. Exactly so ; and you may render the experiment still 
more striking by putting into the central glass (k,) an alkaline sola- 
Fig- 33. tion, the glauber salt be- 
ing placed into the ne- 
'gative glass, (1) and the 
positive glass, (i) con- 
taining only water. The 
acid will be attracted by 
the positive wire, (m) 
and will actually appear 
in the vessel (i,) after 

Ii»l««« of Ct^kU d^o-p«itip. by tbe V.1I-C B^t«y. ^fnc^go^utiof ^k) with- 

out combining with it, although, you know, acids and alkalies are 
so much disposed to combine. But this conversation has already 





741. How will you explain the experiment illustrated in Fig. 32 f 

742. How will you explain the experiment illustrated ' in Fig*. 33^ 
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mxteh «xcaBded our uaoBk limit», and we cannot eakrgpB moi^e vp< 
on this interesthig-sabject at present. 



CONVERSATION XIV. 
ON ALKALIES. 

•Mr*. B. HariDg now g^ren tou some idea of the laws by which 
chemiqal attractions are goverikd, we may proceed to the examina- 
tion of bodies which are formed in consequence of these attractions. 

The first class of compounds that present themselves to our notioev 
in our gradual ascent to the most complicated combinations, are bo- 
d ies composed of only two principles. Tbe sulphurets, phosphorets, 
carburets, &c. are of this aescription ; but the roost numerous and 
important of these compounds are the combinations of oxy^n with 
the various simple substances with which it has a tendency to unite. 
Of these you hare already acquired some knowledge, but it will be 
necessaVy to enter into further particulars respecting^ the nature and 
properties of those most deserving' our notice. Of this class are the 
jkLKALTES and the earths, which we shall successively examine. 

We shall first take a view of the alkalies, of which there are three, 
Tiz. POTASH, SODA, aud AMMoKi A. The two first are called jSd^ed al- 
kalieSf* because they exist in a solid form at the temperature of the 
atmosphere, and require a great heat to be volatilized. They consist 
as you already know, of metallic bases combined with oxygpsn. la 
potash, the proportions are about eighty-six parts of potassium, to 
fourteen of oxygen ; and in soda, seventy-seven parts of sodium to 
twenty-three of oxygen. The third alkali, ammonia, has been dis- 
tinguished by the name of volatile tUkali^ because its natural form is 
that of gas. Its composition is of a more coro^icated natare, of 
which we shall speak hereafter. 

Some of the earths bear so strong a resemblance in (heir proper- 
ties to the alkalies, that it is difficult to know under which aead to 
place them. Tbe celebrated French chemist, Fouccroy, has class^' 

"^ It has already been stated that a third fixed alkali has lately been 
discovered by Mr. Arfvredson, which has been called fttAion^ It was 
first found in a Swedish mineral called peitUite : but has since been 
detected in some other minerals. Though this alkali resemUespot- 
ash and soda in its general properties, yet it has decidedly an alkaline 
substance of its own, capable of forming different salts with tlie acids*' 
and having in particular the property of comlMoing with maoh 

greater proportions of * acid than the other alkalies. 

- ' ' ■ ■ * ....... . , ■ _ 

743. What is the first class of compounds which present them* 
selves lo our notice ? 

744. Which are nntaoces of this deMsriptioB f . 
746. What are the alkalies f 

746. Why are potash and soda onlledlaed r**"**-- ' 
747^ Of what do tbe fixed alkalies coBsiit .' 
748. Why is tunnumia called volatile ? 
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two of them (barf tea and fttrontftst) witb the alkalies ; bat «a hme mi 
magnesia have almost an equal title to that rank, I iJbmk it better not 
to separate them, and therefore have adopted the common method of 
classmg them with the earths ando£4i^tinguisbing them by the name 
of cUkcUine earUu. 

The general properties of alkalies are, an acrid burning taste, a 
pungent smell, ana a caustic action on the skin and flesh. 

CaroUne. I wonder they should -be caustic, Mrs. B., since they 
contain so little oxygen. 

jam. B. Whatever substance has an affinity for any one of the 
constituents of animal matter, sufficiently powerful to decompose it, 
is entitled to the appellation of cau&Uc. The alkalies, in their pure 
state, have a very strong attraction tor water, for hydrogen, and for 
carbon, which, you know, are the constituent principles of oil, and it 
is chiefly by absorbing these substances from animal matter that 
they effect its decomposition ; for, when diluted with a sufficient 
quantity of water, or combined with any oily substance, they lose 
their causticity. 

But. to return to the general properties of alkalies — they change, 
as we have already seen, the colour of syrup of violets, and other blue 
vegetable infusions to green ; and have, in general, a very great 
tendency to unite with acids, although the respective qualities of 
these two classes of bodies form a remarkable contrast. 

We shall examine the result of the combination of acids and alka- 
lies more particularly hereafter. It will be sufficient at present to 
inform you, that whenever acids are brought in contact with alka- 
lies, or alkaline earths, they unite with a remarkable eagerness, and 
ibrm compounds perfectly different from either of their constituents; 
these bodies are called neutral or compound salts* 

The dry white powder which you see in this phial is pure caustic 
POTASH ; it is very difficult to preserve it in this state, as it attracts, 
with extreme avidity, the moisture from the atmosphere, and if the 
air were not perfectly excluded, it would, in a very short time^ be 
actually melted.' 

Emily. It is then, I suppose, always found in a liquid state ? 

Mrs. B. No; it exists in nature in a great variety of forms and 
combinations, but is never found in its pUre separate state ; it is 
oerabiaed with carbonic acid, with which it exists in every part of 
tke vegetable kingdom, and is most commonly obtained from the 
ashes of vegetables, which are the residue that remains after all the 
other parts have been volatilised by combustion. 

Carsiine, But you once said, that after all the volatile parts of a 
vegetable were evaporated, the substance that remained was char- 
coidf 

Jtfrs. B. I am surprised that you should atill confound the processes \ 
of volatilization and combostion. In order t6 procure charcoal, we j 
evaporate such parts as can be reduced to vapour by the operatioo ^ 
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749. What are the general properties of alkalies ? , . 

750. On what does the oulstie property of alkalies depend ? 

75 1 . To what colour do the alkalies chaiige the vegetable blues ? 
752^ How are neutral or compouad salts ibraed ? 

753. What would be tke oon4eqti0&€e if oauBUe|)otadi were not 
secluded from the air ? 
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of heat alooft; but witn fretamlief^ff^l^ibl^ we bmru ih^ c^rboxi 
also, and ixmrart it intp curbonip acid gas. 

* Caroline. That is true ; I hoj^ I shall jpake OQ more mista^ois in 
my ^odiite tfasory of oombustioii. ; ^. 

JVrv. ^. Polish derives its oame from tbe pots in which the re- 
getables, from which it wns obiaimd, used formerly to be barnt ; the 
alji^ii remained mixed with the ashes at the bottom, and was thence 
called potash. 

£lmjUy. The ashea of a wood fire, then, are potash, since they are 
vege tame ashes? i . > 

Mrs. B. They always ccmtain more or less potash, but are very 
far from consisting of that substance alone, as they are a mixture ef 
various earths and salts which remain after the combustion of ve- 
g'etables, and frofn which it is not easy io separate the alkali in its 
pur^ form. The process by which potash is obtained, even in the im- 
perfect state ia which it is used in the a^ts, is much more complica- 
ted than simple combustion. It was once deemed impossible to se- 
parate it entirely fnom all foreign substances, and it is only in che- 
mical laboratories that it is to be met with in the state of purity in 
which you find.it in this phial. Wood-ashes are, however, valuable 
for the aikaK w4uoh they contain, and are used for some purposes 
without any further |N^paration. Purified in a certain degree, they 
mfake what is commonly called pearUcksht which is. of great efficacy 
ia taking out grease, in washing linen, &;c. ; for potash combines rea- 
dily with oil or fat, with which it forms a compound well known to 
you under the name of toap, 

Caroline. Keally ! Then I should think it would be better to wash 
all linen with pearl*aab than with soap, as, in the latter case, the al- 
i^Ji being alnndy combined with oil, must be less efficacious in ex- 
tractiag nrrease. 

Jdre. JB, Its eflPeots would be too powerful on fine linen, and 
would in>ure its texture; pearl-ash is therefore only used for that 
which is of a strong, coarse kind. For the same reason, you can- 
not wash your hands with plain potash ; but, when mixed with oil 
in the form of soap, it is soft as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, an4 ani- 
mal fibre, in virtue of its attraction for water and oil, and converts 
all animal matter into a kind of saponaceous jelly. 

Emily. Are vegetables the only source from which potash can be 
derived ? 

Jlfr«. B. Jio : for though far most abundant in vegetables, it is by 
DO means confined to that class of bodies, being found also on the 
snriiaiee of the earth, mixed with various minerals, especially with 
earths and stones, whence it is supposed to be conveyed into vege- 
tables by the roots of the plant. It is also met with, though in very 



754. From what is potash obtained ? 

755. From what is the term potash derived? 

756. Of what do wood-ashes consist ? 

757. How will soap-tMsiat in cleansing clothes from grease or oil 

758. Why may not p^ri-asb be used for the purpose, without be- 
ing made into aoiap P 

759* Is potash confined to vegetables ? 
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small quaii(ities,ia some aninoftlralMtiiiedi. TiwiiMMtcoiiiffloatUite 
of potash is that ofcarboruU; 1 suppose you undentand what tibat it ? 

Emily. I believe so ; thoarh I do not necolleet that you ever 
mentioned the word,before. If I am not mistaken, it most be a coia- 
pound salt, formed by tl^e unioa of carbonic acid with potash. 

J^rs, B, Very true ; yon see how admirably tlie nomenclatnre of 
modem chemistry is aidapted to assist the memory ; when yon hear 
the name of a compound, you necessarily learn wnat are its ooostt- 
tuent parts ; and when yon are acquainted with these constituents, 
you can immediately name the compound which they form. 

CaroUne. Pray how were bodies arrang^ed and distinguished be- 
fore this nomenclature was introduced ? 

Jiirt, B, Chemistry was then a much more difficult study; for 
every substance had an arbitrary name, which it derived from tfae 
person who discovered it, as Olavher's saJUt for instance; or from 
«ome other circumstance relative to it, though quite unconnected 
with its real nature as potash* 

These names have Men retained for some 'of the simple bodies; 
for as this class is not numerous, and therefore can easily, be re- 
membered, it has not been thought necessary to change them. • 

Emily, Yet I think it f^ould have rendered the new nomeoclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not have been done in the 
same manner. But the nllames of the simple substances mi^thave 
indicated their nature, or, at least, some of their prinbtpol proper- 
ties ; and if, like the acids and compound salts, all the simple bodies 
had a similar termination, they would have been immediately knows 
as such. So complete and regular a nomenclature would, I think, 
have given a clearer and more comprehensive view of chemistry 
than the present, which is a medley of tfae old and new terms. 

Jtfrf. B, But you are not aware of the difficulty of introducing 
iutb science an entire set of new terms ; it obliges all teachers and 
professors to %o to school again, and if some <^ the old names, that 
are least exceptionable, were not left as an introduction to the new 
ones, few people would have had industry and perseverance enough 
to submit to the study of a completely new laogu^^; and the infe- 
rior classes of artists, who can only act from habit and routine, would, 
at least for a time, have felt material inconvenience from a total 
change of their habitual terms. From* these considerations, Lavoi- 
sier and his colleagues, who invented the new nomenclature, thought 
it most prudent to leave a few links of the old chain, in order to con- 
nect it with the new one. Besides, you may easily conceive the in- 
convenience which might arise from giving a regular noqienclature 
to substances, the simple nature of which is always uncertain ; for 
the new names might, perhaps, have proved to have been founded in 

760. What is the most common state of potash ? 

761. What is carbonat? 

762. How were bodies krranged and distinguished before the new 
nomenclature was introduced ? 

' 763. Why have the old chemical names been retained ? 
764. What inconvenience might arise from ^ving a regular no- 
menclature to substances, the nature of which n uncertain ? 
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' error. And, indeed, cantiotis as the itiventors of the modern dh6- 
mical language have been, it has already been foiind nec^ssar^ to 
modify it m many respects. In those few cases, however, in which 
new terms have been adopted to desig^nate. simple bodies, those 
names have been so contrived as to indicate ode of the chief proper- 
ties of the body in question ; this is the case with oxyg^ea, which, as 
I e3rp!afn«d to yoi>, signifies generator of acids; and hydrogen ge- 
nerator of water* If aR the elementary bodies had a similar ter- 
mination, as yon propose, it wotrM be necessary to change the name 
of any that mi^ht hereafter be found of a compound nature, which 
Would be very mcoftvenicnt in this age of discovery. 

But to return to the alkalies. — We shall now try to melt some of 
ibis caustic potash in a little water, as a circumstance occurs du- 
ring its solution very worthy of observation,— Do you feel the he^ 
tha't is produced ? 

Caroline. Yes, 1 do ; bnt is not this directly contrary to our theo- 
ry of latent heat, according to which heat is disengaged when fluids 
become solid, and cold produced when solids are melted ? 

Jdrs, B. The latter is really the case in all solutions ; and if the 
solntion of caustic al&alies seems io make an exception to tlie rule, 
it does not, I believe, form any solid objection to the theory. The 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an effect similar to the slaking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent heat ; this is the heat that you now feel, and which is, 
therefore, produced not by the melting of the solid, but by the solidi- 
fication of the fluid. But when there is more water than the potash 
can absorb and solidify, the latter then yields to the solvent power 
of the water ; and \f we do not perceive the cold produced by its 
melting, it is becavse it is counter-balanced by the heat previously 
disengaged, f 

A very remarkable property of potash is the formation of glass by 
its fusion with silicious earth. You are not yet acquainted with this 
last substance, farther than its being in the" list of simple bodies. It 
is sufficient, for the present, that you should know that. sand and flint 
are chiefly composed of it ; alone, it is infusible, but mixed with pot- 

* It may here be observed, that, even with regard to these two 
b€)die8, the nomenclature is become exceptionable, since it is now 
found that oxygen is one of the constituents of alkalies as well as of 
acids, and in particular of the muriatic. 

f This defence of the general theory, however plausible, is liable 
to some obvious objections. Tlie phenomenon might, perhaps, be 
better accounted for, by supposing that a solution of alkali in water 
has less capacity for heat than eiSier water or alkali in ^eir sepa- 
parate state. 

— ■ — ^ . . . — I ■ II 

765. In the fe<r cases where new names have been adopted to de- 
signate simple substances, how have these names been contrived? 

766. What interesting circumstance occurs if caustic potash is 
melted in water? 

767. How is glass made } 

768. if cmuUc potatk it vtU in vxUery why it heat ditengaged ? 

16* 



I 
i 



186 p6tasb« 

adi, it melts when expoied to tbe heet of a furnace) conilmies with 
the alkali, and runs into glass. 

OiroUne^ Who would ever have supposed that the same sabstance 
which converts transparent oil into such an opaqne body as soap, 
should transform that opaqne substance, sand, into transpaieot 
glass ! 

Mn* B, The transparency, or opacity of bodies, does not, I con- 
ceive, depend so much on their intimate nature, as upon tbe ar- 
rangement of their particles : we cannot have a more strikioff in- 
stance of this, than is afforded by the different states' of canwn, 
which, though it commonly appears in tbe form of a black, opaque 
body, sometimes assumes the most dazzling, transparent form 
nature, that of diamond, which, you recollect, is carbon, in which 
in all probability, derives ils befiutiful transparency from the pecu- 
liar arrangement of its particles during their crystallization. 

Emily' I never should have supposed that the formation of glass 
was so simple a process as you describe it. 

Mrs. B. It is by no means an easy operation to make perfect 
glass ; for if the sand or flint, from which tbe silicious earth is ob- 
tained, be mixed with any metallic particles, or other substance, 
which cannot be vitrified, the glass will be discoloured, or defaced, 
by opaque specks. 

Caroiine. That I suppose, is the reason why objects so often ap- 
pear irregular and distorted through a common ^lass window. 

Mra. B. This species of imperfection proceeds, I believe, from 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the materials of glass are fused, from con- 
taioing a more dense vitreous matter than the upper, on account of 
the heavier ingredients falling to the bottom. When this happens, 
it occasions the appearance of veins or waves in the glass, from tbe 
difference of density in its several parts, which produces an irregu- 
lar refraction of the rays of light which pass through it. 

Another species of imperfection sometimes arises from tbe fusion 
not being continued for a length of time sufficient to combine tbe 
two ingredients completely, or from the due proportion of potash 
and silex (which are^s two to one) not being carefully c^served; 
the glass, in those cases, will be liable to alteration from the action 
of the air, of salts, and especially of acids which will effect its de- 
composition by combining with the potash, and forming* compound 
salts. 
Emily, What an extremeljr useful substance potash is ! 
Jlra. B. Besides the great importance of potash in the manu&c- 
tures of glass and soap, it is of very considerable utility in many o( 
the other arts, and in its combinations with several acids, IpartiGU- 
larly the nitric, with which it forms saltpetre. 

769. On what does the opacity of bodies depend ? 

770. To what does a diamond owe its transparency ? 

771. What is the occasion of the veins or waves discovered on 
some glass f 

772. What other imperfection sometimes occurs in the making of 
glass ? 

773. Of what does saltpetre consist? 
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CaroliM* Th^n niknetxemjut ho ^mUrai of poUah, Bbtwstre 
not vet acquainted witn tbe nitric acid. 

J&rt. B» We abftU therefore defer enteriD^ into the particiilarB of 
these combinatioas till we come to a general reviiew of tbecompound 
salts. In order to avoid confnsion, it will be better at present to 
confine oarselves to the alkafies. 

Emiiy, Cannot you show us the chan^ of colonr which you said 
the alkalies produced on blue Yeeetabie infusions ? 

Jir». B. Yes ; very easily. 1 shall dip a piece of white paper 
into this syrup of violets, which, yon see, is of a deep bioe, and 
dyes the paper of the same colour. — As soon as it is dry, we shall 
dip it into a solution of potash, which though itself colourless, will 
turn the paper green.* \ 

Caroline, So it has, indeed ! And do the other alkalies produce a 
similar effect ?' 

Jifrs, B. Exactly the same.— We may now proceed to soda, 
which, however important, will detain ns but a veiy short time ; as 
in all its general properties it very sUongly resembles potash ; in- 
deed, so great is their similitude, that they have been long confound- 
ed, and they can now scarcely be distmguisbecl, except by the dif- 
ference of the salts which they form with acids. 

The great source of this alkali is thesea, where, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Emily. Is not that the common table salt ? 

Jtfrtf B. The very same ; but again we must postpone enter' ng 
into the particulars of this interesting combination, till we treat of 
the neutral salts. Soda may be obtained from common salt; but 
the easiest and most usual method of procuriog it is by the combus- 
tion of marine plants, an operation perfectly analogous to that by 
which potash is obtained from vegetables. 

JEinnily* From what does soda derive its name ? 

Jtfr«. B. From a plant called by us soda, and by the Arabs xALt 
which afifords it in great abundance. Kali has, indeed, given its 
name to the alkalies in general. 

Caroline. Does soda form glass and soap in the same manner as 
potash ? 

* A very pretty experimjent on the change of colours may be 
made as follows ; Make a tincture, by pouring boiling water on red 
cabbage and let it stand a while. Put it into a phial. The colour 
will be purple. Take two wine glasses, and into one put a few 
drops of sulphuric acid, and into the other the same quantity of a 
strong solution of potash. So little of either will do, that the glass- 
es may be invertea for a moment Then poor the tincture into each, 
and the one containing the acid will appear a most beautiful red, 
and the other as beautiful a green.— C. 

774. What is the chemical name of saltpetre ? 

775. How may blue vegetable colours be turned green ? 

776. How does soda di&r from potash ? 

777. What is the great source of soda ? 

778. How may soda be obtained ? 

779. From what does soda derive its name ? 
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Mrs. Mb Y«s, it does ; i t ii of eqiMliiii|Mnt»e« m the arts, and is 
eren preferred to potash for aooie parposes ; botyoa vrill not be able 
todbtioftiiah their properties, till we ejtamioe tb« compoand ealts 
which they form with acids ; we mast Aerafore leave soda for the 
present, and proceed to asemonia, or the fol atile alkali. 

Emily . I loog to hear somethiDg of this alkali; is it not of the 
same nature as hartshorn*? 

Jfrs. B. Yes, it is, as you will see bjfre-aiid-bye. This alkali is 
seldom found in nature in its pare state ; it is most comraooly extrac- 
ted from a compound salt,catted sal, ammoniar^ which was formerly 
imported from Ammonia, a region of Lybia, from which both ^ese 
sails and the alkali dertre their names. The crystals contained in 
this bottle are specimens of this salt, which consists of a combina- 
tion of ammonia and muriatic acid. 

Caroline. Then it should be called murieU tf ammonia ; for thoag^h 
I am ignorant what muriatic acid is, yet I know that its combinatioD 
with ammonia cannot but be so called ; and I am surprised to see 
sal. ammoniac inscribed on the label. 

. Mrt. B. That is the name by which it has been so long known, 
that the modern chemists have not yet succeeded in banishing it al- 
toeetber : and it is still sc^ under that name by druggists, though by 
scientific chemists it is mor^ properly called muriat of am monism. 

Caroline. Both the popular and common name should be inscribed 
on labels — this would soon introduce the new nomenclature. 

Emily. By what means can the an^monia be separated from the 
muriatic acia I 

Mrs. B« By chemical attractions ; but this operation is too com- 
plicated for you to understand till you are better acquainted with 
the agency of affinities. -^ • 

Emily, And when extracted from the salt, what kind of sab- 
stance 18 ammonia ? 

MYs, B. Its natural form, at the temperature of the atmosphere, 
when free from combination, is that of gas ; and in this state it is 
called amnoniacal gas, Butit mixes very readily with water, and 
can be thus obtained in a liquid form> 

Caroline, You said tbf t ammonia was more complicated in its 
composition than the other alkalies ; pray of what principles does 
it consist P 

Mrs, B. It was discovered a few y6ars since> by BertboUet, a cel- 
ebrated French chemist, that it consisted of about one part of bydro- 
ffen to four parts of bitrogen. Having heated ammoniacal gas un- 
der a receiver, by causing the electrical spark to pass repeatedly 
through it, he found that it increased considerably in bulk, lost all 
its alkaline properties, and was actually converted into hydrogen and 
nitrogen gases ; and from the latest and most accurate experiments 

780. Can glass and soap be formed from soda as well as from pot- 
ash ? 

78 1 . From what does ammonia derive its name ? 

782. From what is it mostly obtained ? 

' 783. What is the proper chemical name of this volatile alkali i 

784. How can ammonia be separated from muriatic acid ? 

785. How is ammoniacal gas obtained ? 

786. Under what form does it appear when pure ? 
787« Of what principles does ammonia consist f 
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the proportioiis appear to be, Me fokmie of nitrogen gas, to teee 
ofoxyifen gas."* 

tkSroUne. Ammonia, tberefore, has not, Kke the tiro other alka- 
lies, a metallic bans. 

JMVf. B. It is bdieved that it has, thoogfa it is extremely 4ifi- 
calt to reconcile that idea wiUi what I hare just stated of its chem- 
ical nature. Bat the fact is, that although this supposed metsllic 
basis of ammonia has nerer been obtained distinct and separate, 
yet both Professor BerzeUns, of Stockholm, and Sir H. Davir, have 
sdcceeded in forming a combination of mercury with the basis of 
ammonia which has so much the appearance of an amalgam, that it 
strongly corroborates the idea of ammonia haviDg a metallic basis.f 
Bat these theoretical points are full Of difficulties and doubts, and 
it would be useless to owell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Am- 
inoniacal gas is considerably lighter than oxygenifas, and only 
about half the weight of atmospherical air. It possesses most of the 
properties of the fixed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of glass, but it forms soap with oils 
equally as well as potash and soda ; it rresembles them hkewise in 
its strong attraction for water; for which reason it can becoUeoted 
in a receiver over mercury only. 

Caroline, I do not understand this. 

Jlfrx. B, Do you recollect the method which was used to collect 
gases in a glass receiver over water ? 

Caroline, Perfectly. 

J^rs. B* Ammoniacal gas has so strong a tendency to unite with 
water, that, instead of passing through t^at fluid, it would be in- 
stantaneously absorbed by it. We can therefore neither use 
water for that purpose nor any other liquid of which water is a 
component part ; so that in order to collet this gas, we are obli- 
ged to have recourse to mercury, (a liqui^ which has no action upon 
it,) and a mercurial bath is used instead of a water bath, such as 
we employed on former occasions. Wat^r impregnated with this 
gas is nothing more than the fluid which you mentioned at the be* 
ginning of tte conversation— barsboru ; it is the ammoniacal gas 
escaping from the water which gives it so powerful a smell.| 

^ It ought to be hfdro^en gae.^^O. 

f This amal^m is easily obtained, by placing a {[^lobule of mer- 
cury upon a piece of munat, or carbonat of amnionia, and electri- 
fying this globule by the Voltaic battery. The globnle instantly 
begins to expand to three or four times its former size, and becomes 
much less fluid, though without losing^ its metallic lustre, a change 
which is ascribed to the metallic basis of ammonia uniting with 
the mercury. This is an extremely curious experiment. 

I To obtain ammoniacal m, mix together equal parts of muriate 
of ammonia, and dry burnt lime; after pulverizing each separately, 

786. Has ammonia a metallic basis ? 

789. What is the specific gravity of ammoniacal gas ? 

790. How does ammonia resemble potash and soda ? 

79 1 . Why cannot ammonia be collected in a receiver over irater r 

792. What is hartshorn.^ 
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JUrt. Jr. Because the particles of gas that rise from the water ;irc 
too subtle aod miottte finr their effect to be visible. 

Water dimiashes in density, by being impregnated with ammoo- 
ittsil gas ; and this augowntatioii of bulk increases its capacity for 

<]aloric. . i. •*i 

Emily. In making hartehom, then, orimpregnattng water, witli 
ammonia, heat must be absorbed and ooW produced ? 

Jlrs, B. That effect would take place if it was not counteracted 
by another circumstance ; the gas is liquefied fey incorporating 
with the water, and giTes out its latent heat. The condensation of 
the gas more than counterbalances the expansion of the water- 
therefore, upon the whole, heat is produced.— But if you dissolve 
aromoniacal gas with ice or snow, cold is producedf — Can you ac- 
count for tliat } ^ . 

Emily, The gas in being condensedinto a liquid, must give out 
beat ; and, on the other hand, the snow or ice in being rarefied into 
a liquid, must absorb heat ; so that between the opposite effects,! 
should have supposed the original temperature would have been 
preserved. 

Jlfrt. B. But you have forgotten to take ioto the account Ibe 
rare&ction of the water, (or melted ice) bv the impregnatioB of the 
gas, and this is the cause of the cold which isi ultimately produced. 

Caroline. Is the salvolaHle (the«inell of which so strongly re- 
eembles hartshorn) likewise a preparation of ammonia ? . _ , . . 

Mra. B. It is carbonat of ammonia dissolved in water ; and which 
in its concrete state, is commonly called salts of hartshorn. Am- 
monia is caustic, like the fixed alkalies, as vou may judge by the 
j»ung«nt effiectB of hartshorn, which cannot be taken intemally, nor 
applied to delicate extjemal parts, without being plentifully dilated 

rub them together in a mortar ; put them into a retort, and apply ue 
heiat of a lamp. Or, the common spirit of saL amrnoniac may be 
heated in a retort in the same way. To collect and retain the gas 
without a mercurial bath, fix a receiver or bottle in an inverted 
position, and connect to the retort a tube, which intfoduce up mto 
the receiver so that it nearly reaches the bottom. As the gas comes 
over, its levity is such, that it filk the upper part of the receiver firet. 
gradually driving out the air, and taking its place. To keep it for 
any considerable time, the receiver must be stopped. A pretty ex- 
periment may be made by introducing up into the receiver with the 
ammonia, some murUitic gas. Both gases are mvisible until thev 
are brought together, when they unite, forming a dense white cloDd 
and fall down in the solid fiSrm of muriate of ammonia^ The muri- 
atic gas is obtained by pouring sulphuric acid on common salt and 
applying the heat of a lamp. It may be sent up into the receiver 
in the way above described, or ammonia.-- C 

793k What change is produced on water by being impregaated 
with ammoniacal gas? 

794. Why is cold produced if ammoniacal gas is dissolved witii 
snow or ice ? . .^ 

795. How can ammonwal ffM fie retained Jar experimefitt with- 
out a mercurial bcUh? 

796. What is sal volatile ? 
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with water— <Oil and'aoids are rery excellent antidotes for alka- 
line poifloos ; can yon ruess why ? 

Caroline* Perhaps, beoanse the oil combines with alkali, and 
f6rms soap, and thus destroys its caustic properties : and the acid 
conrerts it into a compound salt, which, I suppose, is not so perni- 
cious as caustic alkali. 

J^rt. B. Precisely so. 

Ammoniacal gas, if it be mixed with atmospherical air, and a burb* 
iog taper repeatedly plunged into it, will burn with a large flame 
of a peculiar yellow colour. 

Emily, But pray tell me, can ammonia be procured from this Ly* 
bian salt only ? 

Mrs, B. So far firom it, that it is contained in, and may be ex- 
tracted from, all animal substances whaterer. Hydrogen and ni- 
trogen are two of Ibe chief constituents of animal matter ; it is 
therefbre not surprising that they should occasionally meet and 
combine in those proportions that ' compose ammonia. But this al- 
kali is more frequently generated by the spontaneous decomposi- 
tion of animal snjbstances; the hydrogen and nitrogen gases that 
arise from putrefied bodies combine and form the volatile alkali. 

Moriat or ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly prepared in Europe, by 
chemical processes. Ammonia, although principally extract^ 
from this salt, can also be produced hy a great variety of other 
substances. The bonis of cattle, especially those of deer, yield it in 
abundance, and it is from this circumstance that a solution of am^ 
moaia in water lias been called hartshorn. It may likewise be pro- 
cured from wool, flesh, and bones ; in a word any animal substance 
whatever, vields it by decomposition. 

We shall now lay aside the alkalies, however important the sub« 
jeet may be, till we treat of their combination with acids. The 
next time we meet, we shall examine the earths. 



CONVERSATION XV. 

ON EARTHS. 

Jtfr«. B. The xartbs, which we are to day to examine, are nine 
ia number. 

SILXX) STBOlfTITBS,* 



MOTItaV*.*. 



^There is less evidence that these four earths are composed of me^ 
tallic bases than there is in the ease of ammonia, whtcn it will bm^ 



797. Why are oib and acidB fooA anUdotes for alkaline^ison ? 

798. From what can anmionia be procured ? 

799. What are the chief constitaenta of animal matter ? 

800. Why has a sdution of ammonia.ia water been called harCs^ 
bom? 

801. How many earths are there? 
892. What am their aaneif 



ALUMIVE) TWBU, 

BARYTES,* OI^UCIMA, 

XfHft,* ZIRCOlflA. 
MAGffBSIA,* 

The last three are of late discovery ; their properties are but 
imperfectly known ; and as they have not jet beien applied to nse, 
it will be unnecessary to enter into any particulars respecting^ tbem : 
We shall confine onr remarks, therefore to the first fire. They are 
composed, as you hare already learnt, of a metallic basis combined 
with oxygen; and from thia circumstance, are incombustible. 

Caroline. Tet i have seen turf .burnt in the country, and it 
makes an excellent fire; fbe earth becomes red hot, and produces 
a yery g^reat quantity of heat. 

JIfrx. B, It is not the earth that bums my dear, but the roots, 

5ra8s, and other remnants of vegetables that are intermixed with it 
'he caloric, which is produced by the combustion of these sub- 
stances, makes the earth red hot, and this being a bad conductor of 
heat, retains its caloric a long time ; but were jlou to examine it 
when cool, yon would find that it had not absorbed one particle of 
oxygen, nor suffered any alteration from the fire. Earth, is howev- 
er, mm the circumstance just mentioned, an excellent radiator of 
beat,' and owes its utility, when mixed with' fuel, solery'to that 
property. It is in this point of view that Count Rumford has re- 
commended balls of incombustible substances to be arranged in fire 
places, and mixed with the coals, by which means the caloric dis- 
engaged by the combustion of the latter is more perfectly refiected 
into the room, and an expense of fuel is saved. 

Emily, I expected that the lists of earths would be mach more 
considerable. When I think of the immense variety of soils, I am 
astonished that there is not a greater number of earths to form them. 
Jiirs, B, You might, inde^, almost confine that number to four; 
jbr bary tes, strontites, and the others of late discovery, act but so 
small a part in this great theatre, that they cannot be reckoned as 
essential to the general formation of the ^lobe. And yon must not 
confine your idea of earths to the formation of soil ; for Tock, mar- 
ble, chalk, slate, sand, flint, and all kinds of stones, from the pre- 
cious jewels to the commonest pebbles ; in a word, all the immense 

remembered, was supposed to have formed an amalgam with mer- 
cury, and on this account was supposed to have had a metallic ba- 
sis. Of the other earths no one except Dr. Clarke, of Cambridge, 
Eng. has pretended to offer any but conjectural evidence of tbeir 
metallic nature. This gentleman, on subjecting them to the heat of 
the blow-pipe, charged with oxygen and hydrogen, was 1^ to be- 
lieve he had obtained their metaluc bases. But as his experiments 
have been repeated at the Royal Institution without success, it ts 
now understood that the Ur. must have been mistaken. — C. 

^ ■ — — ■ • ' I IP . II. I ■ ~ ■ ■■!. I. 

803. Of what are the earths composed ? 

804. Why are the earths incombustible?. 

805. Why then is turf used for fuel in* some countries ? 
t^6. Why is the earth a good radiator of beaA ? 

901. What is said of bary tes and strontiteSy, as constttutilig ft pait 
of flie globe? 



varittfy of ittiiMval pradocts, nfty be n^^ 

either in a liiimle state, or combined Uie ooe with the other* or 

blended with other ingredients. 

Caroline, Preeioiis stones oomposed oi earth ! That seems very 
diileaJt to conceive. 

EmUy. Is it more extraordinary than that the most preci6us of 
all jewelB, diamond, should be composed of carbon ? But diamond 
forms an exception, Mrs, B. ; for, thoog^ a stone, it is not com- 
posed of earth. - 

Mr». B. I did not specify the exception, as I knew you were so 
well acquainted with it. Besides, I would call a diamond a mineral 
rather than a stone, as the latter term always implies the presence of 
some earth. 

Caroline. I cannot conceive how such coarse materials can be 
converted into such beautiful productions. 

Mrt* B. We are very fax from understanding all the secret re- 
sources of nature; but I do not think the spontaneous formation of 
the crystals, which we call precious stoniBs,one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved bv water, and as gra- 
dually deposited by their solvent in the undisturbed process of crys- 
tallization. The regular arrangement of their particles, during tlieir 
re- union in a solid mass, gives them that brilliancy, transparency, 
and beauty, for which they are so much admired ; and renders them 
in appearance so totally afferent from their rude and primitive in- 
greaients. 

Car(^ne. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallizied ? 

Mre. B. The scarcity of manv kinds of crystals, as rubies, emer- 
aids, topazes, &a, shows that their formation is not an operation 
Tory easily carried on in nature. But cannot you imagme that 
when water holding in solution some particlesof earth, filters through 
the crevices of hilb or mountains, and at length dripples into some 
cavern, each successiredrop may be slowly evaporated, leaving be- 
hind it the particle of earth which it held in solution ? You know 
that crysUUization is more regular and perfect, in proportion as the 
evaporation of the solvent is slow and uniform ; nature, therefore, 
who knows no limit of tiipe, has, in all works of this kind, an infinite 
advantage oyer any artist who attempts to imitate such produc- 
tions. 

EmUy» I can now conceive that the arrangement of the particles 
of earth during crystallization, may be such as to occasion transpa- 
rency, by admitting a free passaff e to the rays of light ; but \ cannot 
understand why crystallized earths should assume such beantifhl co- 
lours as most of them do. Sapphire, for instance, is of a celestiiQ 

bine; ruby, a deep red ; topaz, a brilliant ydlow ? 

■ .1 II -■■.■■■■ . I 1 ■ III III 

808. What valuable substance do the earths compose ? 

809. Is it deemed difficult to understand the spontaneous forma- 
tion of crystal? 

810. whatdoesthescarcityofmany kinds of crystals show? 
8.11. How may it be supposed that they are formed? 

17 
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laent of tboir pvticias, is floeh, as to trinsiint 80riie<or th^ 
lays of light, and to r^ect others, in which «nB IbQstilMtt^t^ 
MtrofSBceloaraftlienLyswhicbilrdfaols. Bwt% oiMii a, Ufi rfr- 
quently happens that the colour of a stone is oninytoa nuxtaHBOf 
aomemetidnc nattor. 

CaroHne. Pray, are the different kinAi of fireoioiiB stoMs each 
composed cf one indiyidaal earth, tir are they fciwed dmoanMoa- 
tion of several earths ? 

Mrt. B. A gwat rarieiy of materials enlers wto the coftipoatiop 
Of most of them ; not only sereral earths, but iHinictiaHo nUs and 
metals. The earths, howerer, in their atn^ state, trequeotiy ton 
rery beautiful crystals ; and, indeed, it is in that state onljr that they 
can be obtoiifted|)erfectly pure. 

Emily Is not the Derbyshire sfMr prodnoad by the crystoiiBB' 
ticnofearthd,ilithe way you hare jost«X|*BBed? IhaTCbesnin 
some of the subtenraneoa^ cairems where it is found, nhieh aise si- 
milar to those you have desoribedi 

Mrs. B, Yes ; but this spar is a very imperfect sfieeimenof eiys- 
tallisatioD ;* it coosistB of a variety of ingrredientsooaAiaedly blen- 
ded together, as you may iod^ t^ iti opacity, and by the TasioBfi 
colours and appearances which it exhibits. 

But, in examining the earths in their most perfect and agveeahle 
form, we must not lose sisht of that slaAe in which they an com- 
monly found, and which, if less pieasmg to the eye, is fkr mere inte- 
resting by its utility. 

All the earths are more or less endowed with alkaline properties; 
but there are four, barvtes, magnesia, lime, a«d stronites, which 
are called alkaline earths^ because they posses^ those qualities in so 
great a degree, as to entitle them, in most respects, to tbe rank of 
« alkahes. They combine and form compound salts with, acids, in 
the same way as alkalies ; they are, Mke tbem^ susceptible ef-a con- 
siderable degree of causticity, and are acted upon tn a similar man- 
ner by chemical tests. — The remaining earths, silex and alomine, 
with one or two o&ers of late d&seoivery, Are in seme degree mere 
earthy, that is to say, they possess more completely the properties 
common to ail the eartiM, which are insipidity, dryness, oaalteraUe- 
ness in the fire, iofusibility, &c. 

Caroline, Yet, did yon not tell us &at>lex, or sibeeoins earth, 
when mixed with an alkati, vras fiisible, aiid run into |la88? 

Jlfr«. !B. Yes. my dear ; but the characteristic properties of earthi, 

* The Derbyshire Spar kcompoeed of Itflie and^^iom acid : hence 
it is calicai fiwUt of iimt. The cotoun s^re bwmg to intermixtwe 
with metelhc oxides. It is a very beantifol mineral, and instead of 
bmng opaque, it is generally transfausent, or nearly transparent-^-C. 

I " I ■ r - - ' - , 1 ^ 1 I - 

812. Whence may it be supposed they receive their beantifiil 
colours? .' 

813. What is an instanee cf simple earths in a state of crysfSliEa- 
tion? -^ "^■•'^■ 

814. WhaiUtheconffdiUUmofDer^ddHspar? 

815. What are alkahne earths? 

816. Why are Ihey so called? 
Sfl7. What properties are common to all earths: 






t 

wfaiali I kt90 ■mtitWHii w»tetl>»ripi|iji|i!d ts batagipgto them 
iQ a state of parity onlyt » alMUte in urbiuii tbey areyevy seldom to 
be;meliridimiiat«Be. BmUm these yByga l properties^ each earth 
faaaila oini sp«oi&s ohamotevs, by wiMh H i» w^^ 
other sabstenoe^ IM qa theMm review them separately. 

Sa»Mx, or aiiiicA, abeaii^ uk flinty sand, saiid-et9Bs^ «eete« jas* 
iier, iBo. ; it forms the basis of many precions stones, and partica- 
i«7 of those fphieh soifcja fisemthsCeet It is rough to the towch, 
scratches and wears away metals; it is aoted upop by no, acid hot 
the ioorio, and is not salable ia water by any known process ; but 
nature certainly dissoiFos it by means with wbiob we are tmacr 
qnainted, and thos prodnees a variety of silioeona crystals, apd 
amongst these, rodb cKffihif which is the purest specimen of this 
earth. Site appears to hata bee» intended by PvoTidence to ^r^ 
the eofid Iwsis m the glebe, to senre as the fmdtiitioi^ fw tjbe origi- 
nal moonlains, and give them that hardness and dimbility which 
has enabled them to resist thoTarioas revelations which the sariace 
of the earth has sooeessively ondetgone. From these movntains 
silicious rocks haTe, daring the coarse of ages, been gradof^y de^ 
taohed by torrents of water^ and bfoa|ht down in th^^enj^ ; these, 
in the riolence and rapidity of their descent, are sometimes orum-t 
bled to sand, and in this sti^ fiona the beds of rirefs and of the sea, 
chiefly compoeed of silioeoos materials. SometiBBes the fragments 
are broken withoat being pnlveriaed by their &U, apd assume the 
form of pebblesvwhioh gnauaUy become rounded and polished. 

EmUy. Pray what is the true coioar of sijbx, which fiirm^ such a 
variety of diffisrent colonred substanoea? Sand is brown^ flint is 
nearly black, and preokms stones are of all colonrs. 

•Mrs. B. Pure silex, such as is fiwnd only in the chemist's labo« 
ratory, is perfectly white, and the varions ouoars which it assumes 
in the didJMvnt substances yon have just mentioned, proceed from 
the different ingredients vrith which it ia mixed in ihem. ^ 

Csro&ie. I wonder that silez is not more valuable, since it fimou 
the basis of so many precious. stones.* 

Jlirt. B, You must nel forget that the valne we set upou precious 
stones depends ia a great measare upon the scarcity with which 
nnture affsrds them ; for, were these productions either eeaMnon .or 
perfectly imitable by art, they wenld no longer, netwithstuidiqg 
their beauty, be so highly esteemed. Buttherealfalueofsilioeeaa 
earth, in many of the most uscial arts, is Terr extensife. BSised 
with elay, it finrms the basis of all the various hands of earthen^ware, 
from the most common utensils to the moot refined ornaments. 

Emily* And we must recollect its importance in the formation oC 
glass with potash. 

Jllrs. £. Nor should we omit to nentmn, Ifloewilet many other 



* The bases ofeome of the most ceitlf genu, ae sapphire, mby, 
and topes, are alunnne.— <!• 
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8I& In what hi sites chiefly foundf 

819. What is the pniest specimen of silex? 

850. Whatisthecdonrofttlex) 

851. Upon what dees the valne efpiraoaaalioDes depend? 

82S. For what UnpoitHitiiaeaii site cUeflpfdnabfe? 
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important ujies of nlexi sneb wihmg G^^iM iii|ri«^eiit of some 
• of the most^diinLble cements, of inortar, &c. 

I raid before that sUiceoiu earth combined with no acid bat the 
fluoric; it is fmr this reason that grlass is liable to be attaefcadbf that 
acid only, which, from its strong affinity to silex, forces that anb- 
stance from its combination with the potash, and thus destrojrs the 



We shall now' hasten to proceed to the other earths, for I am ra- 
ther apprehensive of your growing weary of this part of our snbject. 

Caroline, I confess that the history of the earths is not quite ao 
entertfldning as that of the simple subatances. 

Jtfr«. B. Perhaps not ; but it is absolutely ibdispensable that you 
should know something of them ; for they form the basis of so saatty 
interesting and important compounds, that their total omiasioB 
would throw great obscurity on our general outline of chemical 
science. We shall, however, review them in as cursory a manner 
as the subject can admit of. 

AxuMiNE derives its name from a compound salt called ahan, of 
which it forms the basis. 

Caroline. But it ought to be just the contrary, Mrs. 6. ; tbe sim- 
ple body should give, instead of taking, its name from the compound. 

Jtfr«. B That is true ; but as the Compound salt was known ioag 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to remove your scruples, we will call the salt according to the new 
nomenclature, etUphat t^ alutmne* From this combination, alum- 
ine. may be obtained in its pure state ; it is then soft to the (oneb, 
makes a paste with water, and hardens in the fire. In nature it is 
found chiefij in clay, which contains a considerable proportion of 
• this earth ; it is very abundant in fillers' earth, slate, and a vanetj 
of otiier mineral productions. There is indeed scarcely any mineral 
substance more usefol to mankind than alumine. In tlie statn of 
clay, it forms large strata of the earth* gives consistency to the soil 
of valleys, and of all low and damp spots, such as swamps and mar- 
shes. The beds of lakes, poods, and s|>rings, are almost entirely of 
clay ; instead of allowing of the filtration of water, as sand does, it 
forms an impenetrable bottom, and by this means water is accumu- 
lated in the caverns of the earth, procfueing those reservoirs whence 
springs issue, and spout out at the surface. 

Emily, I always thought that these subterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
could not penetrate. 

Jfrt. B. That is not the case; for in the course of time water 
would penetrate, or wear away silex, or any other kind of stone, 
while it is effectually stopped by clay, or alninine. 

The solid compact soils such as are fit for com, owe their conaast- 

8S3. How, and why does the flnoric acid destroy glass ? 

8M. Why is it neoeasary to understand the nature of the «arths : 

8S5. From what does alumine derive its name ? 

826. What is the sulphat of alumine? 

8t7. In what is abmune ohieiy found? 

828* In what kind of soildoei it oocur most abundantly r 
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ill ft gmrt mmtme to atumine; thk earth is therefore used to 
inoprore naAf orobalky soils, whioh do not retaio a 8Qffi<»oiit quan^ 
tity of water for the purpose of yegetation. 

il^muDe is the most essontial in^^redient in all potteries. It en- 
ters into the composition of briok, as well as that or the finest poree- 
1am : the addition of silex and water hardens it, renders itsnsceptiUe 
of a degree of vitrification, and mal(es it perfecdy fit for its Varioqa 
panposes. 

Caroline. I can scareely conceive that briek and china should be 
made of the same materiaJs. 

JIfirt. B. Brick consists almost entirely of baked day ; but a cer- 
tain proportion of sites is essential to the formation of earthen or 
stone ware. In the common potteries sand is used for that purpose ; 
a more pare siiex is,*" I believe, necessary for the composition qf 
porcelain, as well as a finer kind of clay ; and these materials are, no 
doubt, more oareAdly prepared, and curiously wrought, in the one 
case than in the other. Porcelain owes its beautiful semi-transpa- 
reocy to a eommencemiBnt of vitrification. , 

Emily. But the commonest earthenware, though not transparent, 
is coverJsd with a kind of glazing. 

Mrs. B. That precaution is equally necessary for use as for beau- 
ty, as the ware would be liable to be spoiled and corroded by a va- 
riety of substances, ii not covered with a coating of this kind. In 
poi«elain it consists of enamel, which is a fine white opaque glass, 
formed of metaUic oxyds, sands, salts, and such other materials as 
are susoeptibie of vitrification. The glasang of common earthen- 
ware is made chiefly of oxyd of lead, or sometimes merely of salt, 
whidi, when tiunly spread over earthoi vessels, will, at a certain 
heat, run into opaque glass. . 

CoTolime. And m what nature are the colours which are used for 
painting porcehiio f 

Mrs, B. They are all composed of metallic oxyds ; so that these 
colours, instead of receiving injury from the application of fire, are 
strengthened and devdoped by iU action, which causes them to un- 
dofffo diffsrent degrees of .oxydation. 

iQumine and siles are not only often combined by art, but they 
have in nature a very etroatg tendency to unite, and are found com- 
bined, in different proportions, in vanous gmns and other minerals. 
Indeed, many of te pveeiMW stones, such as ruby, ariental sapphire, 
amethyst,f 6c. consist chiefly of aluroine. 

We may now proceed to the sdkaiine earths. I diall say 1>ut a few 
words en BAnvrss, as it is hardly ever used, except in chemical 

* Porcdain clay, of which china ware is tnade, is found among 
granite rocks, and seems to owe its origm to the decomposition of a 
mineral caJled /e/dtpar. Its composition is silex and alumine, silex 
being the preifominant ingredient — C. 

f The amethyst is almost entirely composed «f silex.— C. 

■ ■ ■ ■■■II. I H . I. ■■ - .III . II « I ■■ ■ " !■ ■■Ill I ■ 

8t9. What is Hie OM of alumine for fmrposes of vegetation? 

890. What is the use of it in works of art? 

831. TowhfltisthetnmapaMBeyofpoiioeliwiowing? 

832. Ofwhat is the glazing ofoommoncardien-ware made? 
831. Wlwtit the aaCUeel the cokmt which are used for paiftit- 

ing porcelain f 

17* 
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laboratones. It is remarkable for its great weig^ and tta alno^g- 
alkaline properties, snch as destroying animal substances, tonung' 
l^reen some Uae vegetable colours, and showing a poirerful attrac* 
tion for acids ; this last property it possesses to such a degree* par* 
ticularly with regard to the sulj^nc acid, that it will always detect 
its presence in any substance or combination whatever, by imme- 
diately uniting with it, and forming a snlphat of baiytes. This ven* 
ders it a very valuable chemical test. It is found pretty abandutly 
in nature in the state of carbonat,* from which toe pure earth can 
be easily separated. 

The next earth we have to consider is Ijime. This is a substance 
of too gpreat and general importance to be passeu over so lightty as 
the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple state, as its affinity for water and carbonic acid is so g^rest, 
that it is always found combined with these substances, with which 
it forms the common lime-stone ; but it is separated in the kiln finm 
these ingredients, which are vdataliaed whenever a sufficieot de- 
gree of heat is applied. 

Emilv. Pure lime, then, is nothing but lime-stone, which has been 
deprived, in the kiln, of its water and carbonic acid ? 

Mrs. B. Precisely : in this state it is called owci(;-/ttiie» andit is s» 
caustic, that it is capable of decomposing the aead bodies of aniinals 
very rapidly, without their undergoing Sie process of putrefootion. 
I have here some quick-lime, which is kept carefully corked up m a 
bottle to prevent the access of air ; for were it all exposed to the at- 
mosphere, it would absorb both moisture and carbonic acid gas fitwi 
it, and be soon slaked^ Here is also some lime-stocie— we shall 
pour a little water on each, and observe .the effects that result torn it. 

Caroline, How the quick-lime hisses ! It is become exceBsivdy 
hot ! — ^It swells, and now it bursts and crumbles to powder, wUkf 
the water appears to produce no kind of alteration on the Ume- 
stone. . ^ 

Jfiri, B. Because the lime-stone is already saturated with water> 
whilst the quick-lime, which has been deprived of it in the Idln, com- 
bines with it with very mat avidity, and produces this prodigious 
disengagement of heat, the cause of which 1 formerly explained to 
you; do you recollect it? 

Emily, Tes ; you said that the heat did not proceed from the lime, 

* The native carbonat of barytes is a rare mineral. It is. a viru- 
lent poison. The nUphat of barytes is found in considerable abun- 
dance.— C. 

834. For what is barytes remarkable? 

835. For what is it valuable ? 

' 836. Where is it abundantly found ? 

837. What is the reason that lime is not found in its simple state ? 

838. How does lime-stone differ from pure lime? 

839. What effect will quick-lime have upon the dead bodies of 
animals? « . 

840. What effect does the air profluce cm. quwk-lime ? 

841. What effect has water on it ? 

842. Why will not water have an effect on lime-stone as well as 
upon quick-lime? 
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bttt tnm the water which was soHdtfied^ and thus pflrted with Its 
h«at of liquidity. 

Mn.B* Very well. If we continue to add sncceBsire quantities 
of water to the lime, after being: slaked and cmmbled, as you see, 
it will then gpdaally be diflfased in the water, till it will at length 
be dissdred in it, and entirely disappear ; luit for this purpose it re- 
qmree no less than 700 times its weight of water. This solution is 
called Hme-wUer,* 

daroline. How very small, then, is the proportion of lime dissolr- 
ed! 

JIfrt. B, Barytes is also of rery difficult solution ; but it is much 
more sduble in the state of crystals. The liquid contained in this 
bottle is lime-water: it is often used as a medicine, chiefly, 1 be- 
lieve, for the purpose of combinior with and neutralizing the super- 
abundant acia which it meets with in the stomach. 

Ewdly, I am surprised that it is so perfectly clear: it does not at 
all partake of the wniteness of the lime. 

Jtfrt. B. Have jrou-forgotten that, in solutions, the solid body is 
so minutely subdiyided by the fluid as to become invisible, and, 
therdbre, will not, in the least degree impair the transparency of 
the solvent? 

I said that the attraction of lime for carbonic acid was so strong, 
tbat it would absorb it from the atmosphere. We may see this efiect 
by exposing a glass of lime-water to the air; the lime will then se- 
parate from the water, combine with the carbonic acid, and re-ap- 
pear on the surface in the form of a white film, which is carbonat of 
mne, commonlr called chalk. 

CaroKhe. Cnalk u, then, a compound salt! 1 never should have 
supposed that those immense beds of chalk, that we see in many parts 
of tne country were a salt Now the white film begins to appear 
on the surface of the water : but it is far from resembling hard solid 
chalk. 

JUn, B. That is owing to its state of extreme division : in a lit- 
tle time it will collect into a more compact mass, and subside at the 
bottom of the riass. 

If you breathe into lime-water, the carbonic acid, which is mixed 
with the air tbat you expire, will produce the same effect. It is an 
experiment very easily made :— 1 shall pour some lime-water into 
this glass tube, and, by breathing repeatedly into it, you will soon 
perceive a precipitation of chalk. 

* To make lime-water, take a piece of well burned lime, about 
the size of a hen's egg, put it into an earthen dish, and sprinkle wa- 
ter on it, till it falls into powder : Then pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pour 

off the clear water and cork it up for use. — C. 

■ ■ ■■ ■ 

843. Why is beat disengaged when water is put upon quick-lime t 

844. How much water does it take to dissolve lime? 

845. Is Barytes easily dissolved in water? 

846. Why does not lune-water partake of the whiteness of lime ? 

847. For what has lime a very strong attraction ? 

848. Why does a white film collect on the surfooe of lime-water 
on being exposed to the air? 

849. Why will lime-water torn white if you breathe into it ? 
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Emilif. I »ee already a small white cload formed. 

Jdrt, B. It is composed of minute particles of chalk ; at pr^ae&t 
it floats in the vater, but it will seoa sut^side. 

Garbooat of lime, or chalk, you see, is insoluble ia wafer, since 
the lime which was dissolyed re-appears when converted into chalk ; 
but yoa must take notice of a very singular circumstancei which 
is, that chalk is soluble in water impregnated with oarbovic acid- 

Caroline, It is very curious, indeed, that carbonic acid gas 
should render lime soluble in one instance, and insoluble in the 
other! 

Mrs, B, I have here a bottle of Seltzer water, which you koo^, 
is strongly impregnated with carbonic acid ; let us pour a little of 
it into a glass of lime water. ITou see that it immediately forms a 
precipitation of carbonat of lime i 

Emily. Tes, a white cloud appears. 

Mr9, B, I shall now pour an additional quantity of the Seltzer 
water into the lime water. — 

Emily, How singular! The cloud is re-dissolved* and the Uqnid 
is aflndn transparent. 

•«r#. B, All the mystery depends upon this circumstance, that 
carbonat of lime is soluble m carbonic acid, whilst it is insoluide in 
water ; the first quantity of carbonic acid, therefore, which 1 iatDo- 
duced into the lime water, was employed in forming the carbonat 
of Ume, which remained visible, until an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when the lime and carbonic 
acid are in proper proportions to form chalk, the white cloud ap- 
pears ; but when the acid predominates, the. chalk is no sooner 
formed than it is dissolved 

Caroline, That is now the case ; but let us try whether a further 
addition of lime- water will acnun precipitate the chalk. 

Emily, It does, indeed ! The cloud re-appears, because, I sup- 
pose, there is now no more of the carbonic acid than is necessary to 
form chalk ; and, in order to dissolve the chalk, a superabnndance 
of acid is required. 

Jdrs, B. We have, I think, carried this experiment far enough ; 
every repetition would but exhibit the same appearance. 

Lime combines with most of the acids, to which the carbonic (as. 
being the weakest) readily yields it; but these combinations we 
shall have an opportunity of noticing more particularly hereafter* 
It unites with phosphorus, and with sulphur, in their simple state ; 
in short, of all the earths lime is that which nature employs most 
frequently, and most abundantly, in its innumerable combinations. 
It is the basis of all calcareous earths and stones ; we find, it likewise 
in the animal and vegetable creations. 

Emily, And in the arts is not lime of very great utility ? 

Mn* B. Scarcely any substance more so ; you know that it is a 

8fi0. What is the ohemical name of chalk? 

85 1 . What it the process of making Uxae-yoaUr ? 
' 862. How ma^ chalk be dissolved ? 

863. What will be the result if SeUzer water be ponied injto 
lime-water? 

854. What is the basis of all calcareeus earths and stones ? 

855. Of what use is lime in the arts ? 
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raoBt estentid reqnitke in builliaf , as it coBStitntes the basU of all 
ceiMotSj raebas mortar, stucoo, pbnter, 6c. 

Lime ii alto of lafiDite importaiioe ia agricultare ; it lightens and 
waimtaoib that are too oold and compact, in cooseqaence of too 
great a jmiportion of clay.-* But it would be endless to enumerate 
the ▼ariotts purposes for which it is employed ; and you know enough 
of it to form some idea of its importance ; we shall therefore, now 
proceed to the third alkaline earth, magnesia. 

Caroline. 1 am already pretty well acquainted with that earth : 
it is a medicine. 

«Wr#. B. It is in the state of carbonat that magnesia is osuafly 
employed medicinally ; it then differs but little in appearance from 
its simple form, whicn is that of a very fine light white powder. It 
dissolves in 900O times its weight of water, but forms with acids ex- 
tremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral eorobinacions, such as slate, mica« ami- 
anthus; and more particularly in a certain limestone, which has 
been discovered by Mr. Tenant to contain it in very gieat quan- 
tities. Ir does not attract and solidify water, like lime : but when 
mixed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from thejatter, and thus loses its causticity. Its chief 
use in medicine is, like that of lime, derived from its readiness to 
combine with, and neutralize) the acid which it meets with in the 
stomach. 

EmUy- Yet, yon said that it was taken in the state of carbonat, 
in which case, it has already oombnied with an acid ? 

Mr0. B. Yes ; but the carbonic is the last of all the acids in the 
order of aifinities ; it will therefore yield the magnesia to any of the 
others. It is, however, iinequently taken in its caustic state as a rem- 
edy for flatulence. Combmed with sulphune aeid, magnesia forms 
another and more powerliil medicine commonly called Eptmn salt 

CoroJifie. And properly, mlphtU qfmagnena^ I suppose f Pray, 
how did it obtain the name of Epsom salt ? 

JIfrt. B, Becanse there is a spring in the neighborhood of Epsom 
which contains this salt in great abundance. 

The last alkaline earth which we have to mention is STBOzrrt ak, 
orsTBoiffpiTss, disooveredby l)r. Hope a few years ago. It so 
stronrly resembles barytes in its properties, and is so sparingly 
found in nature, and of so little use in the arts, that it will not he 
necessary to enter into any particulars respecting it One of the re- 
markable characteristic properties of strontites is, that its salta, 
when dissolved in spirit of wine, tinge the flame a deep red, or 
blood colour. 

856. Of what use is lime in agriculture ? 

857. What is the simple form of magnesia f 

858. Does it attract water ? 

859. What is its chief use in medidne? 

860. In what state is it used in medicine ? 
86f • What does it form combined with sulphuric acid ? * 
88t. Why is the sulphat of magnesia cidled Epaom salt ? 
868. ls#lroii(tanofanynse? 
864. What h one of the remarkable properties of strontites 



^Q^ JICil>8. 



CONVERSATION XVT. 
ON ACIDS. 



Mr8. B. We may now proceed to Uie aokU* Of lb»nietaliic 
oxyds, you have already acquired soipe gea^ml aotioos. Thift sob- 
ject, though hig^bly interesting in its details, is not of suficiraA im- 
portance to our concise view of cbemiatiy, to be |partiocilBr|| tn«ied 
of ; but it is absolutely necessary that you should be better aicqiuiiii- 
ted with the acids, and likewise with their cpmbiaatioM with the 
alkalies, which form the triple compounds, called h«17TBA<« saints. 

This class of acids is characterized by very distiqct prepcrtieBw 
They all change blue vegetable infusions to a red color ; they are 
more or less sour to the taste ; and have a general teadenoy to 
combine with the earths, alkalies and metaUio mtyds. 

You have, I believe a clear idea of the notweoGlature by which 
the base (or radical) of the acid, and the yarioos degrees of acidifi- 
cation, are expressed ? . 

Emtiy^ Yes, 1 think so; the acid is distini^uisbed bjr the name of 
its base, and its degree of oxydation, that is, the quantity of oxygen 
it contains, bv the termination of that name in ouf or ic ; tkes^sol- 
phureotMacid is that formed by the smallest proportion of oxygen 
combined witbsnlpbur ; sulphurMacid is that wnicb results ton 
the combination ot sulphur with the greatest quantity of exygen. 

JITrs. JB A still greater latitude mav, in many cases, be aljpwed 
to the proportions of oxygen that can be combined witkacidmnble 
radicals ', tor several of. mese radicals are snsceptifale of uuitiog 
ivitb a quantity of oxvgen-ao small as to be iasufficieat to give them 
the properties of acids; in these cases, therefore, they are conrert- 
ed into oxyds. Such b sulphur, whiehi by exposure to the atmos- 
phere with a degree of heat inadequato to produce inflammatieB, 
absorbs a small proportion of oxygen, wiiicb ookMurs it red or bnmn. 
This, therefore, may be considered as the first degree of oxygens- 
tion of sulphur ; tlie Sd converts it into snlpbureouf acid ; the 3d 
into the sulphuric aoid ; and 4thly, if it was nMUid capahle of com- 
bining with a still lareer proportion of oxygen, it would then hs 
termed iuperoxt^enoM stUpkurk acid. 

EnUh. Are these various degrees of oxygenatioD oommoa to all 
the acids P 

Jtf>#« jB« No ; they vary mndi in this respect ; some aore suscep- 
tible of only one degree of oxvgenation ; others of two or three ; 
there are but very tew that will admit of more. 

'^■■■■' lll—WM ■■■■■■I ■■ ,B^ — ^^— ^ ■ II I ■ —I ^ll^l ■>■■.■■■ ■■, ■ .p Mil, . , , ^ . .— 1^— »^ ■ |p« ■ ■ -• 

865. What is an acid? 

866. How are acids distingnished ? 

867. What is meant by the- radical of an acid ? 

868. What substance^ unites to the radical to form an acid ? . 
.869. How does the language of chemistry distinguish the stropger 

from the weaker acid ? 

870. What term is used to denote the first degree of oxygeiatioo ? 

871. When a radical unites with another proportion cr exjfon 
after that denoted by te, what term is nsed ? 

872. Are all acids susceptible of the sairie degree of oxygenation ^ 



Careiin^ Tbe modern nomeiHyatine must b« oC immeoM aid- 
vaotBgtt in poiatini^ oat so oasUy the aatare of the SMsids, and their 
varioitt dqrrees of oxygenation. 

Jtrs. B. Till lately many of the acids had not been deoompoted ; 
but analogy afforded so strong a proof of their compound nature, 
that I could never reconcile myself to classing them with the sim- 
ple bodies, though this division has been adopted by sereral chem- 
icsl writers. At present the muriatic and the fluoric, are the only 
ac^s which have not had their bases distinctly separated. 

CaroUne- We have heard of a great varie^ of acids ; Pray how 
mamr are there in all ? 

Jttrt. B. 1 believe there are reckoned at present thirty^lbur, and 
their number is constantly increasing as the science improves : but 
the most important, and those to whieh we shall almost entirely 
confine our attention, are but few I shall however, give you a 
general view of the whole: and then we sfaaU more partioulariy 
examine those that are the most essential. 

This class of bodies was formerly divided into mineral, vegetable 
and animal acids, aoeor^ag to the si^taaices from which they 
were commonly obtained. 

CktroUne. That, I should think^Must have been an excellent ar- 
rangemeat ■; why was it altered f 

Mrs* B' Because, in many cases it produced confusioii. la which 
class, for instance, would you place carbonic acid ? 

CotqUm. Nixw I perceive the difficulty. I should be at a loss 
where to place it, as you have told us that it exists to the animal, 
vegetable, and mineral kingdoms. 

ErnUy* There would l^ tbe same objection with respect to 
phosphoric, which though obtained chiefly from bones, «an also, 
you said, be found in small quantities in stones, and l&ewise in 
some plants. 

JIf r#. B» You see, therefore, tbe pifopriety of changing this mode 
of classification. These objections do not exist in the |)resent no- 
menclature ; for the composition andnature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more general divi- 
sion of acids, they are classed under these three heads : 

First, Acids ol known or supposed simple bases, wbicb ^re ibtm^ 
ed by the aoden of thsee bases with oxygen. They are the ^follow* 
ing: 



lARA. 



873. How many acids are there ? 

874. How were acids formerly divided ? 

875. What objection was there to this division ? 

876 Under how many general heads or divisions are acids at 
present placed ? 
877. What kind of acids make the first class ? 



QM iCi0S. 

yUrie 
Photpkme 

TwunSL: ^ AckU of koeva and umple bases. 

Mfiybdeme 

Boride 

Ftu&rie 

JHuriatic 

Tbis clas8 comprehends the most ancioDlly knourn and most iiti- 
poftant acids. The snlpbiuic, nitric, and mnriatic, were fonnerijr, 
and are still frequently called mineral addM. 

2dly, Acids that ha^e double or binary radicals, and wkiehcoe' 
se^uently consist of triple combinations These are the regetilile 
acids, irhose common radical is a componnd of hydro|pen and carino. 
CaroHne. Bat if the basis of all the veg^etable acids be the same 
it should form but one acid ; it may indeed combine with dilfenat 
proportions of oxygen, but the nature of the acid must be tbe same 
Mrs. B. The onlj difference that exists in the bases of r^geta- 
ble acids, is the vanoos proportions of hydro^pen and carbon 6ma 
which they are^severaUy composed. But this is enough to pndace 
a number of acids apparently rery dissimilar. That they do not 
however, differ essentially, is prored by their susoeptibilitj of bebf 
converted into each other, by the addition or subtractioo of a por- 
tion of hydrogen or of carbon. The names of these acids are, 
TheAceHc ] 

Oxalic 

Tartarout 

CUric 

Malic 

Gallie 

Muanu 

Benxtnc 

Succinic 

CoK^orie 

Suberic J 

The 3d class of acids consists of those which have triple radical? 

and are therefore of a still more compound nature. This class coor- 

prehends the animal acids, which are, 

The Lactic 

Pruitie 

Formic 

Bombie )• Adds, o£triple bases, or animal acids^ 

Sdnuie 

Zoonie 

LUhie 



Acids, of doable bases, beios of vegetable origlnr 



u^ 



878. What are their names? 

879. What ones of this class are called mineral aeidi f 

880. What ones make the second division ? 

881. What is the common radical of vegetable acids f 

882. What is the difference in the bases of vegfetable acids ? 

883. What are the names of the vegetable acids ? 

884. What ones make the third division of acids I 

885. Name * the acids with triple radicals ? 
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I hare giveii you this summai^ acoonot or o&mneratioiiofthe 
acids, as 700 may find it more satisfactenr to hare at- once an oat- 
line or a general notion of the extent of the subject : but we sfaail. 
now confine oorselres tb the first class, which reqoires our more 
immediate attention ; and defer the few remarks which we shall 
bare to miUce 00 the others, till we treat of the chemistry of the ani- 
mal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances ca^- 
pable of being decomposed by combustible bodies, to which they 
yield their oxygen. If, for instance, 1 pour a drop of snlphuric acid 
on this piece of iron, it will produce a spot of rust ; you know what 
it is? 

CaroHne. Tes ; it is an oxyd, formed by the oxygen of the acid 
combining with the iron. 

Jdrs. JB. In this case you see the sulphur deposits the oxygen by 
which it was acidified on the metal. And again, if we pour some 
acid on a com pound combustible substance, (we shall try it on this 
piece of wood] it will combine with one or more of the constituents 
of that substance, and occasion a decomposition. 

Emiiy* It has changed the colour of the wood to black. How is 
that i 

JUrs. B, The oxygen deposited by the acid has burnt it ; you 
know that wood in burning becomes black before it is reduced to 
ashes. Whether it derives the oxyigen which burns it from the at- 
mosphere, or from any other source, the chemical effect on the 
wood is the same. In the case of real combustion, wood becomes 
black, because it is reduced to the state of charcoal by the evapora* 
tion of its other constituents. But can you tell me the reason why 
wood turns black when burnt by the application of an acid ? 

Caroline. First tell me what are the ingredients of wood ? 

JIfrf. B» Hydrogen and carbon are the chief constituents of 
wood, as of all other vegetable substances. 

Carotine. Well, then, I suppose that the oxygen of the acid com- 
bines with the hydrogen of the wood, to form water ; and that the 
carbon of the wood, remaining alone appears of its usual black col- 
our. 

Mrg, B. Very well indeed, my dear ; that is certainly the most 
plausible explanation. 

Entity. Would not this be a good method of making charcoal f * 

Mrs, B. It would be an extremely expensive, and ibelieve, very 
imperfect method ; to the action 01 the acid on the wood, and the 
heat produced by it, are far from sufficient to deprive the wood of all 
its evaporable parts. 

Caroline. What is the reason that vinegar, lemon, and the acid 
of fruits, do not produce this effect on the wood ? 

Jlfrf . B. They are vegetable acids, whose bases are composed of 

886. How can acids of simple radicals be decomposed ? 

887. If a drop of sulphuric acid falls on a piece of iron, why does 
it produce rust ? 

888. Why does acid turn wood black ? 

839. Why does wood become black in real combustion > 

890. W hat are the chief constituents of wood ? ^ 

891. Why do not vinegar, lemon, and the other vegetable iciBs* 
produce the same ^ect on wood f 

18 
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^Bg«rt «f tSSawiy. pettaps yieUf a little of dwir «*»»»» ^^ 
wMaT^ proctace a rtUD upon it, but the cArbon mU not be .uffi- 
SSy^nSwSU to aMumVite blwskcolonr. Indeed, the serer*! 
^e»I acide themaeWe. poweas tbU power of chamns wood in 

'*Si.S'cw«^Sn^«itaWe adds be decomposed, by any combuS. 

Jiri B. No : because their radical is composed of two sabstan- 
ces which hare a greater attraction for oxygen than any known bo- 

^^ Caroline. And are those strong acids, which burn and decom- 
nose wood, capable of producing similar effecU ontheskmand 

*Jlfr«. b!°Y« ; all the mineral acids, and one of them more espe- 
cially, possess powerfal caustic qualities. They actually corrode 
and iestroy the skin and flesh ; but they do not produce upon these 
exactly the same alteration they do on wood, probably because 
there is a great proportion of nitr(^en and other substances in ani- 
mal matter, which prevents the separation of carbon from being so 
conspicttons. 



CONVERSATION XVII. 

OF *rHE SULPHURIC AND PHOSPHORIC ACIDS; OR 
THE COMBINATIONS OF OXYGEN WITH SULPHUR 
AND PHOSPHORUS ; AND OP THE SULPHATS AND 
PHOSPHATS. 

J|fr# B. In addition to the general survey which we have taken 
of acids I think you will find it interesting to examine individually, 
afewofthe most important of them* and likewise some of their 
principal combinations with the alkalies, alkaline earths, and metals. 
The firat of these acids, in point of importance, is the sulphuric, 
formerly called otZ o/*w<m/. . *.!. j 

Caroline, I have known it a long time by that name, but had no 
idea that it was the same fluid as sulphuric acid. What resemblance 
or connexion can there be between oil of vitriol and this acid ? 

'Mrt» ^B. Vitriol is tiie common name for sulphat of iron, a salt 
which is formed by the combination of iulnhuric acid and iron ; the 
sulphuric acid was formerly obtained by distillation from this salt, 
and it very naturally received its name from the substance which 
aJbrded it. . ■_ 

M ^ I ' m ' I ■-■■■■ ^ ■ ■ 

892* Why cannot ve^table acids be decomposed by combustibles? 
893* Do the mineraS acids have the same effect on the skin and 
flesh of animals as on wood ? 

894. If they do not what is the reason ? , ^ . . , ' 

895. What is the proper chemical name of oil of vitnolf 

896. Why was it <»lled oil of vitnd ? 
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Caroline. Bbt it is still ufttftdlfcaiM oO^of Titviol? 
. Jlfrf. B. Yes: a safficicnbt left^b of time has not yet ela|Mei, 
since the invention cyf the nefr nomenciatvre, for it -to be geoerallj 
disseminated ; bat, as it is adopted bf all scientific chemists, there 
is every reason to suppose that it will gradaalljr become imivenalL 
When I received this bottle from the chemists, oU of tUriol was in- 
scribed on the label ; but as I kneivyon were very panctilioasinre^ 
g-ard to the nomenclatare, I changed it, and sabstitnted the words 
sulphuric acid. 

Emiiij, This acid has neither colour nor smell, bat it appeals 
much thicker than water. 

Mrs. B. It is nearly twice as heavy as water, and has, yoa nee; 
an oily consistence. 

Caroline. And it is probably from this circumstance that it hsis 
been called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
constituents of oil. 

mMrs. B. Certainly, and therefore, it would be the more absaid 
to retain a name which owed its origin to such a mistaken analogy. 

Sulphuri&aeid, in its purest state would probably be a concrete 
substance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free^from it : it is, therefore, alwaya 
seen in a liquid form, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a considera- 
ble quantity of beat when mixed with water ; this I have already 
shown you. 

Emily. Yes, 1 recollect it; but what was thQ degree of heat pro* 
duced by that mixture ? 

JUrt B. The thermometer may be raised by it to 300 degrees, 
which is considerably above the temperature of boiling water. 

Carnline. Then the water may be made to boil in that mixture I 

Mm. B. Nothing more easy, provided that you employ suficient 
quantities of acid and of water, and in the due proportiohs. The- 
gfreatest heat is produced by a mixture of one part of water tcfour 
of th'e acid ; we shall make a mixture of these proportions, and 
immerse in it this thin glass tube, which is full of water. « 

~ Caroline. The vessel feek extremely hot, but the water does not 
boil yet. 

Mrs. B. You must allow some time for the heat to penetrate the' 
tube, and raise the temperature of the water to the boiling point— 

Caroline. Now it boils — and with increasing violence. 

Mrs. B. But it will not continue boiling long: for the mixture 
gives outheatonly while the particles of the water and the acid are 
mutually penetrating each other ; as soon as the new arrangement 

897. What is the colour and smell of this acid } 

898. What is its weight? 

899. What would sulphoric acid be in its purest state ? 

900. What is the consequence of mixmg it with water.^ 

901. What is one of its most striking prtipeities ? 
903. How high may a thermometer he rnaeA by it ? 

903. In what proportions must sulphuric acid and water be mix- 
ed in order to produce tbegmMC il^gfee of heat ? 

904. Why does the mixture of solpfiirio acid and wttM* give tmt 
heat only for so short a time ? 
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of these perticles is afiboted, the nixtofe will gradttally cool, and 
the water return to its fbnner temperitiire. 

Toa have seen the manDer in which snlphoric acid deoompose's 
all oombustible substaoces, whether aoimal»?c^table, or mineral, 
and bams them by means of its oxygen ? 

Caroline. 1 have very unintentionally repeated the experiment 
on ray gown, bj letting a drop of the acid fall upon it, and it has 
made a stain, which, I suppose will never wash out. 

Xr»* B, r^o, certainly ; for before you can put it into water, the 
qpot will become a hole, as the acid has literally burnt the muslin. 

Caroline. So it has indeed ! Well, I will fasten the stopper, and 
put the bottle away, for it is a dangerous substance.— Ob, now I 
nave done worse stiH, for I have spilt some on my hand ! 

Jtfrtf. B^ It is then burned, as well as your gown, for you know 
thatoxygen destroys animal as well as ^vegetable matter; and as 
far as tiie decomposition of the skin of your finger is effected, there 
is no remedy ; but by washing it immediately in water, you will di- 
lute the acid, and prevent any further injury. 

Caroline. It feels extremely hot, I assure you. 

Jtfr«. B. You have now learned by experience, how cautiously 
this acid must be used. You will soon become acquainted with 
another acid, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, an<f makes upon it an indelible stain. 
You should never handle any substances of this kind without pre- 
viously dipping your fiugers into water, which will weaken their 
caustic effects. But, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisture from the 
atmosphere, which would destroy its strength and piirity. 

EmUy, Pray, how can sulphuric acid be extracted from sulphat 
of iron by distillation ? 

Xrt.B The process of distillation, you know consists in sepa- 
rating substances from one another by means of their different de- 
grees of volatility, and by the introduction of a new chemical agent, 
caloric. Thus, if sulphat of iron be exposed in a retort to a proper 
degree of heat, it will be decomposed, and the sulphuric acid will 
be i^latilized. 

Emily, But now that the process for forming acids by the com- 
bustion of their radicals is known, why should not this method be 
used for making sulphuric acid ? 

•Afr*. B. This is actually done in most manufactures ; but the 
usual method of preparing sulphuric acid does not consist in burn- 
ing the sulphur in oxygmi g^ fas we formerly did by way of ex- 
periment,) but in heatmg it together with another substance, nitre, 
which yields oxygen in su^cient abundance to render the com- 
bustion in common air rapid and complete. 

CkvroUne. This substance, then, answers the same purpose as ox- 
ygen gas ? 

Mn, B. Exactly. In manufactures the combustion is performed 
in a leaden chamber, with water at the bottom, to receive the va- 
pour and assist its condensation. The combustion is however, never 
so perfect but that a quantity of wiphuremu acid is formed at the 

906. How does snlphuriooompare with nitric acid ? ^ 
90^. In what oohsuts the process of distillation ? 
907* How is sulphuric acid obtained ? 
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same tinie ; for^ if voa feeoUeottlmt the sulpliaKeoas ooid, aoo«rd- 
iogr to theefamDieal Domeaciatai^, differs frQioIhe sulpharic enly 
bj contaiotiig less oxygen. ' 

From iUown powerful properties, aad from the Tarious conbi^ 
natioos into which it eQters,8aiphahc acidisof rreat importanee in 
man^ of the arts. 

Itis used ako in medioine ia a stated great dilutioo; for weteit 
taken internaUy, in a coaoeatrated. state, it would prove a most 
dangerous poison. 

Caroline. I am sure it would burn the throat and stomach. 
Mrt. B, Can you think of any thing that would pro7e an anti- 
dote to this poison ? 

Caroline. A large draug^btofwaterto dilute it. 

J^rs. B. That would eertainly weaken the caustic power of the 
acjd, but It would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properCifls 
more efiectually ? ■ r r 

Emily. An Alkali mighty by combining with it ; but, then^ « pure 
alkali is Itself a poison, on account of its causticity. 

jure. B. There is no necessity that the alkali should be caustic. 
Soap, in which it is combined with oil ; or magnesia, either in the 
state of carbonat, or mixed with water, would prove 4he best anti- 
dote. 

Emily. In those cases then, I suppose, the potash and the mag- 
nesia would quit their combinations to form salts with the sulphuric 
acid p 

J^re. B. Precisely. 

We may now make a few obserrationS ob the sulphureous acid, - 
which we have found to be the product of sulphur slowly and im* 
perfectly burnt. This acid is distinguished by its pungent smell, 
and its easeous form. 

Caroline. Its aeriform state is, I suppose, owing to the smaller 
proportioo of oxygen, which renders it lighter than sulphuric acid ? 

JUrg. B. Probably ; for by adding oxygen to the weaker acid, it 
may be converted into the aU%ntger kind. But this change of state 
may also be connected with a change of affinity with regard to ca- 
lonc. 

Emily. And may sulphureous acid be obtained from sulphuric 
acid by a diminatiooof oxygen f 

Mra B. Yes ; it can be done by bringing any combustible sub- 
stance in contact with the acid. This decomposition is most easily 
performed by some of the metals ; these absorb a portion of ^ 
oxygen from the sulphuric aqid. which, is thus converted into the 
sumbureotts, and flies -off in its gaseous form. 

CmroUne. And cannot the snlphureoos acid itself be deoomnosed 
and reduced to auinhur ? ^ 

Mrs B. Yes ; if this gas be heated in oontact with charcoal, the 
oxygen of the gaa wiUcomfauie « with it, and the pure sulphur will 
be regenerated. r r -» 

908. How does sulphureous acid differ fi^m sulphuric ? 

909. What would prove the best revedyto.a Mrson who had 
awallowed sulphuric acid? , 

910. How may sulphureons aoid beobtoinedf 

l\L' ^^^ ^^ **^? «"^I*«nc acid becbanged to the cnfadnueous ? 
912. How can flulphureous acid be reduced to solphiir^ ' 

18* '• 



210 OF THE GULmUREOCS ACID. 

Snlphureons acid is readily absorbed by water ; and in this liqoid 
state It is found particiilarly nsefal in bleaching linen and woollen 
cloths, and is mnch used in manufactures for those purposes. I can 
show you its effect in destroying colours. ^ taking out v^etable 
8taLin8-~I think I see a spot on your gown, Emily, on which we may 
try the experiment. 

Emily, It is the stain of mulberries ; but I shall be almost afraid 
of exposing my gown to the experiment, after seeing the effect 
which the sulphuric acid produced on that of Caroline — 

Mrs. B. There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for during the forma- 
tion of sulphureous acid by combustion, there is always some sul- 
phuric produced. 

Caroline. But where is your sulphureous acid ? 

Jlfrf. B, We may easily prepare some ourselves,Bimply by burn- 
ing a match ; we must first wet the stain with water, and now hold 
it in this way, at a distance over the lighted match ; the vhpour 
that arises from it is sulphureous acid, and the stain, you see, grad- 
ually divaippears. 

Emily, 1 have frequently taken out stains by this means, without 
understanding the nature of the process. But why is it necessary 
to wet the stain before it is exposed to the acid fumes ? 

JUrs. B. The moisture attracts and absorbs the sulphureous acid ; 
and it serves likewise to dilute any particles of sulphuric acid which 
might injure th« lineir. 

Sulphur appears to be susceptible of a third combination with 
oxygen, in which th« proportion of the latter is too small to render 
the sulphur acid. It acquires this slight oxygenation by mere ex- 
posure to the atmosphere^ without any application of heat ; in this 
case the sulphur does not change its natural form, but is only dis- 
coloured, being changed to red or brown, a state in which it may 
be considered an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we shall say a few 
words of its principal combinatioQs, It unites with all the alkalies, 
alkaline earths and metals, to form oompound salts. 

• Caroline. Pray, give me leave to interrupt you for a moment : 
you have never mentioned any other sahq than the compound or 
neutral salts : is there no other kind ? ^ 

Mrs, jB. The term tall has been used, fromtim6 immemorial, as 
a kind of general name for any substance that has savour, odour, is 
soluble in water, and crystallizable, whether it be of an acid, an al- 
kaline or compound nature ^ but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salts.formed by the combinations of the 
sulphuric acid, are, first, iulphatrfpottuh, formerly called fo/pofy- 
chrest: this is a very bitter salt, much u^ed in medicine ; it is found 
in the ashes of most vegetables, but it may be prepared artificially 
by the immediate combination of sulphuric acid and pota^. This 

913. What important use is made of this acid ? 

914. What is the easiest'^process for making this acid f 

916. How would you describe a third combination of sulphur 
with oxTffen ? 

916. With what does sulphuric acid unite ? 

917. What is the meaning of the term salt f 
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salt is eadtyv soluble in bdlingr w^^ter. SoliibiUty is, indeed, a prop- 
erty common to all salts ; and tbey always produce cold in meltior. 

Emily* That must be owing* to the calcific which they absorb iq 
passing from a solid to a fluid form. 

•Airs. B. That is, certainly, the most probable explanation. 

Sulphat of Soda, commonly called Glauber's salt^ is another me- 
dicioal salt, which isstill more bitter than the preceding. We must 
prepare some of these compounds, that you may observe the phe- 
Dc^mena which take place during their formation. We needoniy 
pour some sulphuric acid oyer the soda which I have put into this 
glass. 

Caroline. What an amazing heat is disengaged ! — 1 thought you 
said that cold was produced by the melting of salts ? 

•Mrs. B, But you must observe that we are now making, not melt- 
ins, a salt. Heat is disengaged during the formation of compound 
salts, and a faint light is also emitted, which may sometimes be per- 
ceived in the dark. 

Emily. And is this heat and light produced by the union of the 
bpposite electricities of the alkali and the acid r 

Jtfr«. B, No doubt it is, if that theory be true. 

Caroline* The union of an acid and an alkali is then an actual 
combustion ? 

Mrs, B. Not precisely, though there is certainly much analogy 
in these processes. 

Caroline. Will this sulphat of soda become solid ? 

J(fr«. B, We have not, I suppose, mixed the acid and the alkali in 
the exact proportions which are required for the formation of the 
salt, otherwise the mixture would have been almost immediately 
changed to a solid mass ; but in order to obtain it in crystals, as you 
see it in this bottle, it would be necessary first to dilute it with wa- 
ter, and afterwards to evaporate the water, during which operation 
the salt would gradually crystallize. 

Caroline. But of what use is the addition of water, if it is after- 
wards to be evaporated f 

Mrs, B, When suspended in water, the acid and the alkali are 
more at liberty to act on each other, their union is more complete, 
and the salt assumes the regfular form of crystals during the slow 
eraporation of its solvent 

Sulphat oi soda liquefies by heat and effloresces in the air. 

EmUy, Pray what is the meaning of the word effloresces ? I do 
not recollect your having mention^ it before. 

Mrs. B. A salt is said to effloresce wlien it loses its water of crys- 
tallization on being exposed to the atmosphere, and is thus gradual- 
ly converted into a dry powder : you may observe that these crys- 
tals of sulphat of soda are flair from possessing the transpaiiency 
which belongs to their crystalline state ; they are covered with a. 
white powder, occasioned by their having been exposed to the at- 
mosphere, which has deprived their sur&ceof its lustre, by absorb- 
ing its water of crystallization. Salts are, in general, either effior- 
escent or deliquescent : this latter property is precisely the reverse of 

918. Why do the salts produce cold in meltinir ? 

919. By what name is the sulphat of soda cafled ? 
9^. How can sulphat of soda be formed ? 

921. What is the signification of the iford effloresces? 




212 OF TBB SiriiPBATS. 

theformer; Ihatwtowiy, d«liqneW8«it 8*g absorb water from (he 
atmospbere, and are motstened and gradually melted by iti i^if unat 
of lime is an instance of great deiiquescence. 

Emily, But are there no salts that have the same degree of ^- 
traction for water as the atmosphere, and that will consequently 
not be affected by it ? 

*Wr*. B, Yes ; there are many such saltsras, for mstance^ com- 
mon sait, sulphat of^magnesia, and a rarie^ of others. 

Sulphat of lime is very frequently met within nature, and consti- 
tutes tlic well known substance called gypMtn or platter of Puris* 
Sulphat of ma^netia, commonly called Eptom salt, is another very 
bitter medicine, which is obtained from sea* water and from several 
springs, or may be prepared by the direct combination of its ingre- 
dients. 

We have formerly mentioned sulphat (f cUumine as constituting 
the common alum ; it is found in nature chiefly in thenefghbourhood 
of volcanoes, and is particularly useful in the arts, from its strong 
astringent qualities. It is chiefly employed by dyers and calico- 
printers, to fix. colours ; and is used abo in 'the manufacture of 
bome kinds of leather. 
Sulphuric acid combines also with the metals. 
Caroline. One of these combinations, sulphat qfiroru, we are al- 
. ready«well acquainted with. 

Mrs. B. This is the most important metallic salt formed by sul- 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and, in medicine, it affords a very valuable 
tonic ; it is of this salt that most of those proparstioDB called steel 
ntdi^t»e« are composed 

Caroline. But does any carbon enter into these compositions to 
form steel ? > 

J^rs. B. Not an atom : they are, therefore, very improperly call* 
ed steel ; but it is the vulgar appellation, and medical men them-* 
selves often comply with the general custom. 

Sulphat of iron may be prepared, as you have seen, by dissolvtog 
iron in sulphuric acid : but is generally obtained from the natural 
production called Pyrites whichbdngasulphuretof iron, requires 
only exposure to the atmosphere to be oxydated, in order to form the 
salt ; this, therefore, is much the most easy way of procunng^iton 
a large scale. / 

Emily. I am surprised to find that both aoids and con^und salts 
are generally obtained from their vafiou^oombinations, ratfaerthan 
from the immediate union of their ingredients. 

Mrs. B. Were the simple bodies> always at hand, their combina^ 
tionswould naturally be the: most convenient method of formiuj^ 
compounds; but you;mmtconstder that, in most instanoes, there is 
great difficulty and expense in obtaining the simple ingredfOBts from 
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922. What is the signification of the word detiquesoent .^ 

923. What substance is frequently: found in .natuve,- tbe?«ame as 
sulphat of lime .^ 

924. From what is the sulphat of magnesia obtained? 

925. Where is the sulphat of alnmioe chiefly found ? 

926. For what purpose is it used f 

927. From what is the sulphat of iron obtained ? . 

928. How is sulphat of. iron manuiGsK^ared in the hwge way f 
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their combinations; it is, therefore, <^en more expedient to procure 
compounds from the decomposition of other compounds. But, to 
return to the sulpbat of iron.^There is a certain vegetable acid 
called ^alHc acta, which has the remarkable property of precipita- 
ting this salt black— I shall pour a feir drops of the gallic acid into 
this solution of sulpbat of iron — 

Caroline. It is become as black as ink ! 

Jdrg, B. And it is ink in reality. Common writing ink is a pre- 
cipitate of sulpbat of iron by gallic acid ; the black colour is owing 
to the formation of gallat of iron, which being insoluble, remains 
suspended in the fluid. 

This acid has also the property of altering the colour of iron in 
its metallic state. You may frequently see its effect on the bladeof 
a knife, that has been used to cut certaiif kinds of fruits. 

Caroline, True ; and that is, perhaps, the reason *that a silver 
knife is preferred to cut fruits ; the gallic acid, I suppose, does not 
act upon silver. — Is this acid found in all fruits ? 

,Mrs, B It is contained, moro or less, in the rind of most. fruits 
and roots, especially the radish, which, if scraped with a steel or iron 
knife, has its bright red colour changed to a deep purple, the knife 
beioff at the same time blackened. But the vegetable substance in 
which the gallic acid most abounds, is nuigally a kind of excresence 
that grows on oaks, and from which the acid is commonly obtained 
for its variotis pnrposcss. , 

J^rs. B» We now come to the pbospbortc and phosphorous 
ACIDS. In troating of phosphorus, you have seen how these acids 
may be obtained from it by combustion. 

tlmily. Yes : but I should be much surprised if it was the usual 
method of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

Xrs. B, You are right, my dear ; the phosphoric acid, for gene- 
;^l purposes, is extracted from bones, in which it is contained in the 
state of phosphat of lime: from this salt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. In 
its pore state, phosphoric acid is either liquid or solid, according to 
its degjee of concentration. 

Among the salts formed by this acid phoepkat of lime is the onlv 
one that affords much interest ; and this, we have already observed, 
constitutes the basis of all bones It is also found in very small 
quantities in some vegetables. 

9^9. Bow may the sulphat of iron be turned black? , 

930. Why is a knife turned black in cutting fruit ? 

931 . In what vegetable substance does gallic acid mostly abound ? 
9S2* Where is the phosphat of lime found ^ 
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CONVERSATION XVIII. 

OF THE NITRIC AND CARBONIC ACIDS: OR THE 
COMBINATIONS OF OXYGEN WITH NITROGEN AND 
CARBON ; AND OF THE NITRATS AND CAKBONATS. 

Mrs, jB. I am almost afraid of intraduciog the subject of the 
KiT&ic AC II), as 1 am sure that 1 shall be blamed by Caroline for 
not haFing' made her acquainted with it before. 

Caroline. Why so, Mrs. BP 

Mrs, B, Because you have long known its radical, which is ni- 
trogen, or azote; and in treating of that element, I did not even 
Lint that it was the basis of an acid. 

Caroline. And what could be your reason for not mentioning this 
acid sooner ? 

JUrs. B, 1 do not know whether you will think tbe^reason suffi- 
ciently good to ac()uit me; but the omission, I assure *you, did not 
proceed from negligence. You may recollect that nitrogen was one 
of the first simple TOdies which We examined ; you were then igno* 
rant of the theory of combustion, which 1 believe was, for the first 
time, mentioned in that lesson ; and therefore it would have b^en in 
vain, at that time, to have attempted to explain the nature and for- 
mation of acids, 

Caroline. I wonder, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified : for, as we knew it was 
classed among the combustible bodies, it was natural to suppose that 
it might produce an acid. 

Mrs. B. That is not a necessary conscNquence : for it might com- 
bine with oxygen only in the degree requisite to form an oxyd. But 
you will find that nitrog^en is susceptible of various d^rees of oxy- 
genation, some of which convert it merely into an oxyd, and others 
give it all the acid properties. 

The acids, resultmg from the combination of oxygen and nitro- 
gen, are called the nitrous and nitric aci<te. We will beg^n with 
the nitric, in which oiiroeeo is in the highest state of oxygenation. 
This acid has so powerful an attraction for water that it has never 
been obtained perfectly free from it But water may be so strongly 
impregnated with it as to form an exceedingly powerful acid solu- 
tion. Here ia a bottle of this acid, which. ^*ou see, is quite limpid. 

Caroline. What a strong offensive smell it has ! 

Jitrs. B. This acid contains a grater abundance of oxygen than 
any other; hut it retains it with very little force. 

Emily. Then it must be a powerful caustic, both from the facility 
with, which it parts with its oxygen, and the quantity which it af- 
fords. / 

933. What is the radical of nitric acid ? 

934. What acids are formed by the combination of nitrogen and 
oxygen ? 

935. How does nitric acid natnrallv exbt f 

936. How does this compare with other acids as to the quantity of 
oxygen contained in it? 

937. To what is the great causticity of nitric acid owing^? 
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Jf i*t. B. Very velK EmOy ; both oames and effiBcU are MMtfy 
such AS yoa describe: nitric acid burns and destroys all kinds of 
organised matter. It eren sets ibe to some of the most combnsti- 
ble subslanoes.— We shall poor a little of it oyer this piece of dry 
warm charcoal*— } on see it inflames it immediately: it would do 
the same with oil of turpentine, phosphorus, and several other very 
combustible bodies. This shows you how easily this acid is deeom^ 
)90sed by combustible bodies, since these effects must depend upon 
the absorption of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; but 
it is only within these twenty -fiye years that its ohemical nature has 
been ascertained. The cefobftitM Mr. Cavendish discovered that 
it coQsisted of about 10 parts of nitrogen and 25 of oxygen.f These 
principles, in their g^aseous state, combine'at a high temperature; 
and this may be effected by repeatedly passing the electrical spark 
throngh a mixture of the two gases. 

Emily, The nitrogen and oxygen gases, of which the atmosphere 
is composed, do not combine, I suppose, because their temperature, 
is not sufliciently elevated. 

Caroline. But in a thunder«storm, when the lightning repeatedly 
-passes through them, may it not produce nitric acid ? We should be 
in a strange situation, if a violent storm should at once convert the 
atmosphere into nitric acid. 

Mrs* B, There is no daqger of it, my dear ; the lightning can af- 
fect but a very small portion of the atmosphere^ and thooffh it were 
occasionally to produce a little nitric acid, it never could happen to 
such an extent as to be perceiveable. 

EtnUy, But how could the nitric acid be known, and used, before 
tbe method of combining its constituent was discoverad? 

Jl/r«. B. Pravi<ras to that period the nitric acid was obtained, 
and it is indeed stiU extracted, for the common purposes of art, 
from the compound salt which it forms with .pot-ash, commonly 
called fiilrs. 

Caroline. Why is it so called ; Pray, Mrs. B., let these old un- 
meaning names be entirriy given up, by us at least ; and let us call 
this salt ntlrerf ofpoi'^uh. 

* To inflame charcoal, a stronger acid than' that sold at tbe shops 
is necessary. The experiment with oil, turpentine, and phospho^ 
rus, succeeds, if about a sixth part of sulph. acid is added to the ni- 
tric acid. The experiment with the turpentine requires caution. 
The Tial containing the acid must be tied to a stick, a jwd or two 
long, the operator pouring it into a small quantity of the turpentine 
standing at a distance. ->C. 

t The proportion stated by Sir H. Davy, in his Chemical Re- 
searches, is as I to 2,389. 

- ■ ■ ■ -— ■ 

938. What is the reason why nitric acid inflames charcoal, oil of 
turpentine, kc ? 

.939. What are the proportions of oxygen and nitrogen in nitric 
acid ? 

940. What is the reason, that the oxygen and nitrogen of which, 
the atmosphero is composed, do not combine and form nitric acid .' 

941. Wny does not bghtnmg produce this elevation of tempera- 
ture.? 
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Mr§. B. With all my betrt : but it iineecssary that I should, at 
least, mention the old names^ and more especially those which are 
yet in common use; otherwise, when you. meet with them, you 
would not be able to understand their meaning. 
Emity. And how is the acid obtained from this salt .J 
jars* JB. By the tntenrention of sulphuric acid, which combines 
with the pot-ash, and sets the nitric acid at liberty. This I can 
easily show you, by mixing some nitrat of potash and sulphuric acid 
in this retort, and heating it OFcra lamp ; the nitric, acia will come 
over in the form of vapour, which we shall collect in a glass bell. 
This acid, diluted in water, is commonly called aqua/oriU, if Caro- 
line will allow me to mention that name. 

Caroline. I have often beai^d that aqua fortis will dissolve almost 
all metals ; it is no doubt because it yields its oxygen so easily. 

Mrs, B. Yes ; and from this powerful solvent property, it deri- 
ved the' name of aqua fortis, or strong water. Do you not recol- 
lect, that we oxydated, and afterwards dissolved, some copper in this 
acid ? 

Emily. If I remember right, the nitrat of copper was the first in- 
stance you gave us of a compound salt. 

Caroline. Can the nitric acid be completely decomposed and con- 
verted into nitrogen and oxygen ? 

Emiiy. That cannot be the case, Caroline : since the acid can be 
decomposed only by the combination of its constituents with other 
bodies. 
.Vrf • B. True; but caloric is sufficient for this purpose. 
By makiog the acid pass through a red hot porcelain tube, it is 
decomposed ; the nitrogen and oxygen reg^n the caloric which 
they had lost in combining, and are thus both restored to their gaser 
Qus state. - 

The nitric acid may also be partly decomposed, and is by this 
means converted intovirnous acid. 

Caroline. This conversion must be easily effected, as the oxygen 
IS so slightly combined with the nitrogen. 

Mrs. B. The partial decomposition of nitric acid is readily effec- 
ted by most metals ; but it is sufficient to expose the nitric acid to 
a very strong light to make it give out oxygen gas, and thus be con- 
verted into nitrous acid. This latter acid appears in various degrees 
of strength, according to the proportions of nitrous acid gas and 
water of which it is composed ; the strongest is a yellow colour, as 
you see in this bottle. 
Caroline. How it fumes when the stopper is taken out ! 
Mrs, B. The acid exists naturally in a gaseous state, and is here 
so strongly concentrated in water, that it is coostantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red ; this acid is weaker, that is, contains a smaller quantity of 
the acid gas; and with a still lete proportion of the gas it is ofan 

942. How is nitric acid obtained from the nitrate of potash ? 

943. What is the common name of nitric acid diluted in water ? 

944. What is the proprietv of the name aqua fortis? 

945. How may nitric acid be decomposed? 

946. How can nitrous acid be formed } 

947. How may the colour of water be affected by the different 
^portions of nitroUs acid with which it is combined? 
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oliTe-green oc^ur, as it ftppean ia this Hard botde. In abort, the 
weaker the ada, the deeper is its coloiir. 

Nitrons acid acts still more powerfully on some inflammable sub-* 
stances than the nitric. 

Emily* I am surprised at that, as it contains less oxygen. 

Mrs, B. Bat, on the other hand, it parts with its oxjreen much 
more readily: you may recollect that we once inflamed oil with this 
add. 

The next combinations of nitrogen and oxygen form only oxyds 
of nitrogen, the first of which is commonly <»illed niJtroua air; or 
more properly nUric oxyd gat,* This may be obtained from nitric 
acid, by exposing the latter to the action of metals, as in dissolving 
them it does not yield the whole of its oxygen, but retains a portion 
of this principle sufficient to convert it into this peculiar gas, a spe- 
cimen of which I Have prepared, and preservea with this inverted 
^lass bell. 

EmUy, It is a perfectly invisible elastic fluid. 

Jlfr«. B. Tes ; and it may be kept any length of time in this man- 
ner over water, as it is not, tike the nitric and nitrous acids, absorb- 
able by it. It is rather heavier than atmospherical air, and is inca- 
pable of supporting either combustion or respiration. I am going 
to incline the glass gently on one side, so as to let some of the g^ 



Emily. How very curious !— It produces orange fumes like the 
nitrous acid! that is the more extraordinary, as the gas within the 
glass is perfectly invisible. 

JBfrt. B* It would give me much pleasure if you could make out 
the reason of this curious change, without requiring any further 
explanation. 

Caroline. It seems, by the colour and smell, as if it were convert- 
ed into nitrous acid gas ; yet that cannot be, unless it combines 
with more oxygen ; and how can it obtain oxygen the very instant 
it escapes from the glass ? 

Emily. From the atmosphere, no doubt Is it not so, Mrs. B. ? 

Jlfr«. B. Too have guessed it; as soon as it comes in contact with 
the atmosphere, it absorbs from it thi^ additional quantity of oxygen, 
necessary to convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the water, so as to bring at once the whole 
of the gas in contact with the atmosphere, this conversion will ap- 
pear stul more striking. 

Endly. Look, Caroline, the whole capacity of the bottle is in- 
stantly tinged of an orange colour ! 

Jirr#. B. Thus you see, it is the most easy process imaginable to 

* To proenre nitrous air, put into a retort some filings, or shav- 
ings of copper, on which pour nitric acid, diluted with four or five 
pujbs of water; then apply the heat of a lamp, and receive the gas in 
the usual vray, over water.— C. 

948. Why does nitrous acid act more powerfully on' seme inflam- 
ma'ble substances than nitric acid ^ 

949. How can nitrous air, or nitric exyd gas be obtained ? 

960. How can this gas be preserved ? 

961. How can nitrons oxyd gas be converted into nitrous acid 
gasf 

19 



tnctiar ozygm from the atmottpbere, iHtbrnit tmj el««%tota ^ tern- 
'peeMm, taks occuioned tbSs ^eons oxyd beinj^ used as a teat, for 
aicertaining the degfree of pvnty of the atmesphere. I am going to 
show yomhowit is applied to this pnrpose.— Yoa Aee this mdaated 
Iflass tttbe, irhi<;b is clos&l at one ^ftd, (see fig. 30,) I first 111 it with 
irat^r, and then ibtrodnce a certain measure of nitroas gM, irbich, 
not being absorbable by water, passes through it, and occupies tbe 
tipper part of the tube. I must now add rather abore two-tuirds of 
dxygen gas, which will just be sufficient to convert the nitrons ox^d 
gas Into nitrous acid gas. 

Caroline, So it has !-^I saw it turn of an orange colour; bot it 
immediately afterwards disappeared entirely, and the water, you 
see, has risen, and almost filled tbe tube. 

Mrs, B. That is because the acid gas is absorbable by water^ 
and in proportion as the gas impregnates the water, tbe latter rises 
in the tube. When the oxygen gas is very pure, and the required 
proportion of nitrous oxyd gas f ery exact, the whole is absorbed by 
the water ; but if any other gas be mixed With the oxygen, instead 
of combining with tbe nitrous oxygen, it will remain and occupy the 
upper part of the tube : or if tbe gases be not in the due proportioB, 
there will be a residue of that which predominates. — Before we leave 
this subject, I must not forget to remark that nitrous acid may be 
formed, by dissolving nitrous oxyd gas in nitric acid. This solntioQ 
may be effected simply, by making bubbles of nitrous oxyd gas pass 
through nitric acid. 

Emiiy, That is to say, that nitrogen at its hrgliest degree of oxy- 
genation, being mixed with nitrogen at its lowest degree of oxj- 
grenation, will produce a kind of intermediate substance, which is 
tiitrous acid. 

Mrs, B. You have stated the feet with great procisi on.— There 
«re various other methods of preparing nitrous oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
ttese particulars. It remains ibr me only to mention another curi- 
ous modification of oxygenated nitrogen, which has been distinguish- 
ed by the name of gaseous oxyd tf nUros^n, It is but lately that 
this gas has been accurately exammed, arid its properties have been 
investt^ted chiefly by Sir H. Dary. it has obtained also the name 
of txkUarating gas from the very singular property which that gen - i 
tleman has discovered in it, of elevating the animal sHrits, When in- 
haled into the lungs, to a degree sometimes resembling deliriom or ' 
intoxication. j 

Ctrroline. It is rospirable, then ? j 

JBVf. B. It can scarcely be called respirable, as it would not sup- 
port life for any length of time ; bat it may be breathed tor a feiv 
moments without any other effects, tlrnn the singular exbilarotioii of 
spirits 1 have just mentiotted. It affects different people, however, 
in a very different manner. Some bectnne violent, even oufrag^oias ; 

'95^. On what principle can tiitrous ah* be applied, to test tbe j)u- 
oty of the atmosphere ? 
*S53. What is the process .J* 

>954. By what other name is the exhilarating gasvadled .' 

%5. And why is it called exhilarating' gas? 




Others experieooe » lajogncv, atteoded with ftuUiMWa; bult nwat^mv 
ia opinioD, that the seos^tionsit ei "^ * '^ '" ' 

Caroline. I thought I should like 

Jfcfr^. B. By collecting the gfas 
with a stop-cock, is adapted ; (bis is applied to the mouth with one 
band, whilst the nostrils are kept closed with the other, in order that 
the comnioD air may have no access. You then alternately in^pira, 
and expire the gas, till you perceive its effects. But I cannot con- 
sent to your making the experiment; fo^ the nerves are sometimes 
UD pleasantly affected by it, and I would not nuLany risk of that 
kind. 

Emily. I should like, at least, to see spme body breathe it ; bnt 
pray by what means is this curious gas obtained ? 

J\Srt* B. It is procured from nitrcU of ammonia^ an artificiiU 
salt, which yields this gas on the application of a gentle heat. I hav^ 
put some of the salt into a retort, and by the aid of the lamp the gas 
will be extricated. — 

Caroline. Bubbles of air begin to escape through the neck of tl|0 
retort into the water apparatus ; will you not coUect them ? • 

mMrs B' The gas that first comes over need not be preserved, a9 
it consists of little more than common air that was m the retprt; 

* To make nitrate of ammonia, take some nitric acid« or aquft 
fortis— <lilute it with four or five quarts of water ; put it into a shal- 
low <>Arthen dish, and throw in pieces of carbonate of ammonia, un- 
til the effervescence ceases. Evaporate about one third of the liquor 
by a gentle heat, and set it away to crystallize. The crystals are 
long striata prisms. To procure the nitrout oxide or esckUaroHnf^ 
^8, and to try its effects by respiration, the following simple appa- 
ratus may be used, where a better is not at hand. Put some nitrate 
of ammonia into an oil flask, having first fitted to it a cofIk, andjdaas 
tube, bent so as to go under the receiver in the water ba&. Inen 
apply the gentle heat of a lamp. 

* For a. receiver, fill a large iug[ with water, and invert it in the 
water bath; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; into one of these holes put a glass 
tube open at both ends, and nearly long enough to reach the bottom 
of the jug. Provide a large bladder furnished with a short tube ti^ 
to it When the jug is nearly filled with the gas, remove and set it 
upright, by passing the hand under its moutb-^tben pat in the cork 
and tube, the other opening in the cork being closed. When you 
wish to breathe the gas, tase the stopper out of the cork, and pats 
in the tube attached to the bladder. Then by means of a soiaU tun- 
nel, pour water into the jug through the long tabe,anlil it driveiout 
gas enough to fill the bladder. Mrs. B. deaeribea the maooor of 
breathing it. 

Caution. Let the gas stand an hour or two oreRwater before it is 
breathed. — C. 
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956. How is this gas braathed? 
967. How is thisgas obtained ? 

958. When do cAemml ^hgm^^omim$> md emMmfima Me 
flaeB^durit^ihefcrtMUimQfUi^§am/i^ 

959. WkM cmdioniinmmary before it it bi^eatiui ? 
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besides fhere is always in this experiment, a qaantity of watery va- 
pour which jnnst come awaybefore the nitrons ozyd appears. 

Emily, Watery vapour ! Whence does that proceed ? There is no 
Water in nitrat of ammonia ? 

Mrs,B. Ton must recollect that there is in every salt a qaantity 
of water of crystallization, which may be evaporated by beat alone. 
But, besides this, water is Actually generated in this experiment, as 
yon wiH see presently. First tell me, what are the constituent parts 
of nitrat of ammonia? 

Emily* Ammonia, and nitric acid ; this salt, therefore, contains 
three different elements, nitrogen and hydrogen, which produce the 
ammonia ; and oxygen, which, with nitrogen, forms the acid. 

Mr», B, Well then, in this process the ammonia is decomposed ; 
the hydrogen quits the nitrogen to combine with some of the oxyf^en 
of the nitric acid, and forms with it the watery vapour which is now 
coming over. When that is effected, what will you expect to find ? 

Emuy. Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia. 

Jtfr«. B. Exactly so; and the nitrous acid and nitrogen combine, 
and form the gaseous oxyd of nitrogen, in which the proportion of 
oxygen is 37 parts to 63 of nitrogen. 

Ycm may have observed, that for a little while no bubbles of air 
have come over, and we have perceived only a stream of vapour 
condensing as it issued into the water. — Now bubbles of air ajg^n 
make their appearance, and I imagine that by this time all the wa- 
tery vapour is come away, and that we may begin to collect the gas. 
W^ may tr^r whetiier it is pure, by filling a phial with it, and plung- 
ing a taper into it — yes, it will do now, for toe taper bums brighter 
than in the common air, and with a gpreenish flame. 

Cartdine» But how is that ? I thought no gas would support com- 
bustion but oxygen or chlorine. 

Jirs. B. Or any gas that contains oxjgen, and is ready to yield 
it» which is the case with this in a considerable degree ; it is not 
therefore, surprising that it should accelerate the combustion of the 
taper. 

x on see that the gas is now produced in great abundance ; we 
shall collect a large quaotitv of it, and I dare say that we shall find 
some of the fiunily who will be curious to make the experiment of 
respiring it Whilst this process is going on, we may take a gene- 
ral survey of the most important combinations of the nitric anid ni- 
trous acias with the alkalies. 

The first of these ia nitrcA of potash^ commonly called nt/re, or 
joftpefre. 
* CaroUne, Is not that the salt with which gunpowder is made? 

Jlfr«. B' Yes. Gunpowder is a mixture of five parts of nitrat to 
one of sulphur, and one of charcoal.— Nitre, from its great propor- 

960. What are the constituent parts of nitrat of ammonia ? 

961. WTuUit 
96S. How is 

963. How can , „ . «. ^«.^ . 

964. What is the common name <tf nitrat of potash ^ 

965. Of what is gunpowder made? 
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tion of oxygen, and from the ftcility irith which it yiektg it, U the 
basis of the most detonating composftions. 

JETwii/y. But what is the cause of the violent detonation of gnn^ 
pofrder when set fire to ? 

, Mr$, B, Detonation may proceed from two causes ; the sudden 
formation or destruction ofan elastic fluid. Id the first case, when 
either a solid or liquid is instantaneously converted into an elastic 
fluid, the prodigious and sudden expansion of the body strikes the 
air with great violence, and this concussion produces the sound 
called detonation. 

Caroline. That I comprehend very well : but how can a similar 
effect be produced by the destruction of a gas? 

Jlfr«. B. A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new and compact form, .produces a vacuum, into which the sur- 
rovmding air rushes with great im|>etuosity ; and it is by that rapid 
and violent motion that the sound is produced. In all detonations, 
therefore, gases are either suddenl}^ formed or destroyed. In that 
of gfunpowder, can yon tell me which of these two circumstances 
takes place f 

EmUy. As gunpowder is a solid, it mast, of course, produce the 
g^ses in its detcnation ; but how^ I cannot tell. 

Jlfr#. B: The onslituents of gunpowder, when heated to a cer- 
tain degpnee^ enter mto a number of new combinations, and ave in- 
stantaneously converted into a variety of g^ses^ the sudden explosion 
of which gives rise to the detonation. 

Carolina^ And in what instance does the destruction or conden- 
sation of gases produce detonation ? 

J^rs. B. I can j^ivc you one with which you are well acquainted; 
the sudden combination of the oxygen and hydrogen gases. 

Caroline^ True ; 1 recollect perfectly that hydrogen detonates 
with oxygen when the two gases are cooverted into water. 

Jlfr«. B. But let us return to the nitrat of potash. This salt is de- 
composed when exposed to heat, and mixed with any ccunbustible 
bodj, such as carbon, sulphur, or metals, these substances oxydatuig 
rapidly at the expense of the nitrat. I must show you an instance 
of this. I expose to the fire some of the salt in a small iron ladle, 
and, when it is sufficiently heated, add to it some powdered charcoal ; 
this win attract the oxygen from the salt, and be converted into 
carbonic acid. — 

Emily. But what occasions that crackling noise, and those vivid 
flashes that accompany it P 

Mn. B. The rapidity with which the carbonic acid gas is formed, 
occasions a succession of detonations, which, together with the 
emissioQ of flame, is called deflagration. 

JfUrai of ammonia we have adready noticed, on account of the 
gaseous oxyd of nitrogen which is obtained from it. 

' . : , 

966. Why is nitre the basis of most detonating compositions f 

967. What is the cause of the detonation of gunpowder, when fire 
is set to it? 

968. What causes the detonation when a ^ is destroyed ? 

969. In what- instance does the destruction or condeBsattOtt of 
gases produce detonation? « 

970. When is the nitrat of pStesh decomposed? 

19* 
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JVi<ro< ^nloft', u tbelimar^^iulic^ 80 remtrkaUe for its destroy -- 
ioff flnimal fibre, for which purpose it is ofteo used by suigeons. 
We ha?e said so much on former occasions, od the mode in which 
caustics act on animal matter, that I shall not detain you any looger 
on Uiis subject. 

We now come to carbonic acid, which we have already had 
many opportunities of noticing. Tou recollect that this acid may be 
formed by the combustion of carbon, whether in its inperfect state 
of charcoal, or in its purest form of diamond. And it is not neces- 
sary, for this purpose, to bum the carbon in oxygen g^, as we did 
in the preceding lecture ; for you need only light a piece of cbar- 
cosd, and suspend it under a receiver on the water bath. The char- 
coal will soon be extinguished, and the air in the receiver will be 
found mixed with carbonic acid. The process, however, is much 
more expeditious if the combustion be penormed in pure oxygen gas. 

Caroline. But how can you separate the carbonic acid, obtained 
in this manner, from the air with which it is mixed ? 

JUrt. B, The readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equal to that of the carbonic acid which was mixed with it. 

. EmUy, Fray iS there no method of obtaining pure carbon from 
carbonic acid ? 

Jirr«. B. For a long time it was supposed that carbonic acid was 
not decompoundable ; but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposed 'by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime : the* phosphorus 
absorbs the oxygen from the carbonat, whilst the carbon is separa- 
ted in the form of a black powder. This decomposition, however, 
is not effected simply by the attraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of thecal- 
kali or lime for the phosphoric acid, unites its power at the same time. 

Caroline* Cannot we make the experiment ? 

Mrs. B. Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt it. But there 
can be no doubt of the accuracy of Mr. Tennant's results ; and all 
chemists now agree, that one hundred parts of carbonic acid gas 
consists of about twenty-eight parts of carbon to seventy-two of 
oxygen gas. But if you recollect, we decomposed carbonic acid 
gas the other day by burning potassium io it. 

Caroline, True, so we did ; and found the carbon precipitated on 
the regenerated potash. 

Mrs. B. 'Carbouic acid gas is found very abundantly in nature; 
it is supposed to form about one thousandth part of the atmosphere, 
and is constantly produced by the respiration of animals ; it exists in 

" ' ■ \ ' — ^ — — — 

97 1 . W hat is nitrat of silver ? 

972. What gas is produced by the burning of charcoal in oxyge^ 
gas? 

973. How is carbonic acid formed ? 

974. And how can carbon be obtained from carbonic acid ? 

975. What portion of the atmosphere does this gas form? 

976. How is the carbonic acid ^ In the atmosphere produced > 
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a great ▼arietf of corabiaalioiis, and is exhaled from many natural 
daqompoutioBs. It is contaiiied in a state of great parity in certain 
caves, sneh as the Qrotto del Cane, near Naples. 

JSJmt/y* 1 recollect haFibg read an accoont of that grotto, and of 
the cruel experimeniB made on the poor dogs, to g^ttfy the carios- 
ity of strangers. But I understood that the vapour exhaled by this 
care iras called ^ed air. 

JUrg. B. That is the name by which carbonic acid was known be- 
fore its chemical composition was discovered. This ^as is more de- 
structive of life than any other ; and if the poor animals that are 
submitted to its effects are not plunged into cold water as soon as they 
become senseless, they do not recover. It extinguishes flame in- 
stantaneously. I hare collected some in this glass, which 1 will 
pour over the candle.* 

Caroline, This is extremely singular— it seems to extinguish the 
light as it were by enchantment, as ti^ gas is invisible. I never 
should have imagined that gas could have been poured like a liquid. 

Mrs. B» It can be done with carbonic acid only, as no other gas 
is sufficiently heavy to be susceptible of being poured out in the at- 
mospherical air without mixing with it. 

EmUy, Pray by what means did you obtain this gas ? 

Jlfr«, B. I procured it from marble. C-arbonic acid g^ has so 
strong an attraction for all the alkalies and alkaline earths, that these 
are always found in nature in the state of carbonats. Combined with 
lime, this acid forms chalk, which may be considered as the basis of 
all kinds of marbles, and calcareous stones. From these substances 
carbonic acid is easily separated, as it adheres so slightly to its com- 
binations, that the carbonats are all decomposable by any of the oth- 
er acids. I can easily show you how I obtained this gas ; I poured 
some diluted sulphuric acid over pulverized marble in this bottle (the 
same which we used the other day to prepare hydrogen g^,) and the 
gas escaped through the tube connected with it ; the operation still 
continues, as you may perceive— 

Emily. Yes, it does ; there is a great fermentation in the glass 
vessel. What singular commotion is excited by the sulphuric acid 
taking possession of the lime, and driving out the carbonic acid ! 

Caroline. But did the carbpnic acid exist in a gaseous state in the 
marble ? 

JUn. B. Certainly not ; the acid, when in a state of combination 
is capable of existing in a solid form. 

Caroline. Whence, then, does it obtain the caloric necessary to 
convert it into gas ? 

* Merely pouring it over a candle, will not extinguish it. Put a 
short piece of candle, or taper, into the bottom of a deep tumbler, 
and then pour in the gas and the flame goes out as quickly as 
though you poured in water. — C. • 

977. By what name was this known before its chemical composi- 
tion was discovered ? 

978. By what means is this gas procured for experiment ? 

979. Of what is chalk formed ? 

980. What is the basis of all kinds of marble and calcsureous earths? 

981 . How may carbonic acid be obtained from marble ? 



234 omM^nic A«i». 



•Ifrt^B. It iiiiyb««ii^plMmtliMett»fhm the mixture of snl- 
pharic acid sad wmler, wbieh produoes «a erolotion of iMtt, cfreo 
grealer than is reaoired for the porpOM ; tiiMM^tB ytn may paroetre 
b? toachiDi^ the f (amTenel, a eonsidarable qnantttj of the cakwic 
disennflwd becomes sensible. Bat a sappij of caloric may be ob- 
tained s3so from a dtminutioB of capacity for heat, oooasioBed by the 
new combination which takes place ; and, in<teeil, this most be the 
case when other acids are employed for the disengagement of carbo- 
nic acid gas, whioh do not, liae the snlphoric, prMoce beaten beiiig- 
mixed with water. Carbonic acid may likewise be disengaged from 
its combinations by heat alone, which restores it to its gaseous state. 

Caroline, ft appean^ to roe very extraordinary that the same gpas, 
which is produced by the burning of wood and coal should exist 
also in such bodies as marble and chalk, which are incombustible 
substances. 

'Mrs, B I will not answer that objection, Caroline, because I 
think I can put you in a way of doing it ymsrself. Is cartionic SM^id 
combustible? . 

CaroUne* Why, nl^— because it is a body which has been already 
burnt ;* it is carbon only, and not the acid that is combustible* 

Jlfr«. B. Well, and what inference do yoa draw from this ? 

Carolint, That carbonic acid cannot rendertlia bodies with which 
it is united combustible ; but that simple carbon does, and tlut it is 
in this elementary state that it exists in wood, coals, and a great ra- 
riely of other combustible bodies. Indeed, Mrs. B., you are Feiy 
ungenerous; you are not satisOed with conrincing me that my ob- 
jections are friyolous, but you oblige me to prove them so myself. 

Mrt, B. You most coniess, howerer that I make ample amends 
for the detection of error, when I enable you to discover the troth. 
You understand, now, I hope, that carbonic ^cid is eifnallv produced 
by the decomposition ot chaik, or by the combustion of charcoal. 
These processes are certainly of a very different nature; in the first 
case the aci * is already formed, and requires nothing more than heat 
to restore it to its gaseous state ; whilst in the latter, the acid is ac- 
tually made by the process of combustion* 

Caroline. I understand it now, perfectly. But I bare just been 
thinking of another difficulty, which, I hope, you will excuse my not 
being able to remove m^rself. How does the immense Quantity of 
calcareous earth, which is spread all over the globe, obtam the car- 
booic acid with which it is combined ? 

Mrs, B. The question is, indeed, not very easy to answer ; but I 

''' Not burnt in the common acceptation of the word. The carbon 
is already united to oxygen, and therefore has no affinity for it. In 
the artificial production of carbonic acid, the carbon is burnt.— *C. 

982. Whence does carbonic acid obtain the caloric necessary 
to convert it into gas ? 
98a Will carbonic acid render a body combustible ? 

984. It might be thought that carbonic acid could not be ob- 
tained from substances so unlike as chalk and carbon— how is this 
objection answered ? 

985. How do the processes of obtaining carbonic acid from the 
decomposition of chalk, and the combustion of charcoal differ? 



CAE^OirtC ACID. 22& 

conceive that the gfeneral cftrbooizatioB of calcareous matter may 
bave been the^fbct of a general comboBtion,* occasioned by some 
TeTolution of oar globe, and producing an immense supply of car- 
bonic acid, with which the calcareous matter became impregnated ; 
or that this may have been effected by a jpradaal absorption of car" 
bonic acid from the atmosphere. But this would lead us to discus- 
sions which we cannot indulge in, without deviating too much fron^ 
oarsubiect. 

Sfniiy. How does it happen that we do not perceive the perni- 
cious effects of the carbonic acid which is floating m tlie atmosphere f 

Jlfr«. B. Because of the state of very great dilution in which it 
exists there. But can you tell me, £mily, what are the sources 
which keep the atmosphere constantly supplied with this acid ? 

MmUy. \ suppose the combustion of wood, coals, and other sub- 
stances that contain carbon. 
' Mrs B» And also, the breath of animals. 

Caroline. The breath of animals ? I thought you said that this 
g^as was not at all respirable, but on the contrary, extremely pois- 
onous. 

Jilri, B. So it is ; but although animals cannot breathe in car- 
bonic acid gas, yet in the process of respiration, they ha^e the pow- 
er of forming this gas in their lungs ; so that the air which we ex- 
pire, or reject from the lungs, always contains a certain proportion 
of carbonic acid, which is much greater than that which is common- 
ly found in the atmosphere. 

Caroline. But what is it that renders carbonic acid such a deadly 
poison ? 

Mrs, B. The manner in which this gas destroys life, seems to be 
merely by preventing the access of respirable air ; for carbonic 
acid g^, unless very much diluted with common air, does not pen- 
etrate into the lungs, as the windpipe actually contracts and rdfu- 
sea it admittance.^But we must dismiss this subject at present, as 
we shall have an opportunity of treating of respiration much more 
fully, when we come to the chemical functions of animals. 

Emily. Is carbonic acid as destructive to the life of vegetables as 
it is to that of animals ? 

Mrs. B. If a vegetable be completely immersed in it, I believe 
it irenerally proves fatal to it; Dut;nized in certain proportions 
, with atmospherical air, it is on the contrary, very fovourable to ve- 
getation. 

* This idea is at random. We cannot account for the origin of 
carbonic acid in its native state any better than we can for oxygen. 
It cannot be the product of combustion, since it existed before the 
growth of combustiblcmaterials.— -C . 

986. How does marble and calcareous earth obtain its great 
quantity of carbonic acid ? * 

987. Why do we not experience thepemieioQS effectsof the car- 
bonic acid in the atmosphere? 

968. How is the atmosphere supplied with this acid ? 

989. Why is carbonic acid gas so destructive to animal life ? 

990. What effect does it have on vegetatioQ ? 
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Ton remember} i- suppose, our meataoDiitt tbe mineral waters-, 
both natural aod artificial, wbicb contain carooniopu^id gas ? 

Caroline* You mean the Seltzer water P 

Jtfr«. B. That is one of those which are most used ; there are, 
however, a variety of others into which carbonic acid enters as an 
ingfredient : all these waters are usually distinguished by the name 
of acidulous or gaafout mineral waters. 

The class of salts called carbonats is the most numerous in natu re ; 
we must pass over them in a very cursory manner, as the subject is 
far too extensive for us to enter on it in detail. The state ofcarbon- 
at is the natural state of a vast number of minerals, and particular- 
ly of the alkalies aod alkaline earths.^ as they have so great an at- 
traction for the carbonic acid^ that they are almost always found 
oombined with it : and you may recollect that it is only by separa- 
ting them from this acid, that they acquire that causticity and those 
striking qualities which I. have formerly described. All marbles, 
chalks, shells, calcareous spars, and limestones of every description, 
are neutral salts, in which lime, their common basis, has lost all its 
characteristic properties. 

. Emily But if all these various substances are formed by the un- 
ion of lime with carbonic acid, whence arises their diversity of form 
and appearance ? 

Jdrs- B. Both from the diflfereot proportions of their component 
parts, and ^'rom a variety of foreign ingredients which may be oc- 
casionally blended with them; the veins and colours of marbles, for 
instance, proceed from a mixture of metallic substances ; silex and 
aluroine also frequently enter into these combinations. The vari- 
ouB carbonats, therefore, which I have enumerated, cannot be €H>n- 
sidered as pure and unadulterated neutral salts, alUiougb they cer- 
tainly belong to that class of bodies. 



CONVERSATION XIX. 

ON THE BORACIC, FLUORIC, MURIATIC, AND OXY- 
GENATED MURIATIC ACIDS; AND ON MURIATSw*- 
ON IODINE AND IODIC ACID. 

JUrs* B. We now come to the three remaining acids witb simple 
bases, the compouiid nature of which, though long suspected, has 
been but recently proved. The chief of these is the muriatic ;^ 

99t, What are the waters called, into which this gas enten as an 
ingredient ? 

992. What are the' salts formed by the acid of this gas f 

993. How extensive is this class of salts, and under what fomui do 
they chiefly occur in nature ? 

994. If lune is the common basis of marbles, chalks, ahells, cal- 
weoos spars, and lime stones, why is there such a dirernty in their 
n>rm and appearance ? 

995. From what do the reins and GOkmn of marble pntceed? 
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btit t iSM fintteeribd l!iet#D oHiert, as their liaws hare bMa oV 
tanrad more dimotiy than that of the mnriatie acid. ^ 

Ifoo may recollect I meotioned the boracic acid. This is fomti 
Very, spami^ly in some parts of Europe, but for the use of manufac- 
tures we have always receired it from the remote country of Thi- 
bet, where it is found in some lakes, combined with soda. It is ea- 
sily separated from the soda by sulphuric acid, and appears in the 
fcyfm of shining scales, as you see here. 

C^aroline. I am glad to meet with an acid which we need not bo 
afraid to touch ; for I perceive, from your keeping' it in a piece of 
y^per^ that it is more innocent than our late acquaintance, the sul^ 
pfauric and nitric acids. 

Mrs. B. Certainly ; but bemg^ more inert, you will not find its 
properties so interesting. However its decomposition, and the 
brilliant spectacle it afibras when its basts again unites with oxygen, 
atones for its want of other striking qualities. 

Sjr H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been considered as undecompoundable,) by various 
methods. On exposing this acid to the Voltaic battery, the posi- 
tire wire gave out oxygen, and on the negative wire was deposited 
a bkick substance, in appearance resembling charcoal. This was 
the basis of the acid, wnich Sir H. Davy has called Botadum or 
Boron. 

The same substance was obtained in more considerable quanti- 
ties, b]^ exposing the acid to a great heat in an iron gun -barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing potassium in contact with it in vacuo. The potassium attracts 
the oxygen from the acid, and leaves its basis in a separate state. 

Therecomposition of this acid I shall show you by burning some 
of its basis, which you see here, in a retort full of oxygen gas. The 
beat of a candle is all that is required for this combustion.— 

Emiiy. The light is astonishingly brilliant, and what beautiful 
sparks it throws out ! 

Jtfrt. B. The result of this combustion is (he boracic acid, the 
nature of which, you see, is proved both by analytic and synthetic 
means. Its basis has not, it is true, a metaNic appearance ; but it 
makes very hard alloys with other metals. 

Emily. But pray, Mrs. B., for what purpose is the boracic acid 
used in manuractures ? 

J^ra. B. Its principal use is in oonjunctioa with soda, that is, in 
the state of horiui^iodan which in the arts is comrooniy c^ed bo- 
rax. This salt has a peculiar power of dissolving meUiHic oxyds, 
and of promoting the fusion of substances c«»aMe of being melted ; 
it is accordingly employed in various metallic arts; itisueed, for 
example, to remove the exyd from the surface of metals, and is often 
employed in the assaving of -metallic ores. 
Let us now proceed to the fluortc Actn. This acid is obtained 

from a substance which is found frequently in mines, and particular- 

' • ■ ... — , 

996. Where is the boracic acid obtained ? 

997. What is the composition ef borax ? 

998. What is the basis of this acid ? 

999. For what purpose is the boracic aoid used sa manufectures ? 
JOOO. From what is the fluoric acid obtained ? 
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ItiaUioMof DwHijFihira, etXMJimr^ a auiie wUchi it aoq«tr«d 
uom the circannCuiceofiU beiii|^ ated to render im ores of metals 
mwe ilnid when heated. 

Caroline, Pray, is not this the Derbyshire spar, of which so ma- 
Dy omamentB are made ? 

Jdrt. B. The same ; hot thongfh it has loop been employed for a 
variety of purposes, its nature was unknown until Scbeele, the ^reat 
Swedish chemist, discovered that it consisted of lime united with a 
peculiar acid, which obtained the name of^uortc acid. It is easily 
separated from the lime by the sulphuric acid, and unless condens- 
ed in water, ascends io the form of gas. A very peculiar property 
of this acid, is its union with siliceous earths, which I have already 
mentioned. If the distillation of this acid is performed in glass ves- 
sels, they are corroded, and the siliceous part of the glass comes 
over, united with the g^ ; if water is then admitted, part of the silex 
is deposited, as you may observe in this jar. 

Caroline. 1 see white flsjces forming on the surface of the water; 
is that silex ? 

jars. B' Yes, it is. This power of corroding glass has been used 
for engraving, or rather etchmg upon it. Tbe glass is first cover- 
ed with a coat of wax, through which the figures to be engpraved 
are to be scratched with a pin ; then pouring tbe fluoric acid over 
the wax, it corrodes tbe glass where the scratches have been made. 

Caroline. I should like to have a bottle of this acid to make en- 
gravings,* 

Jlfr«. B. But you could not have it in a gUua bottle ; for in that 
case the acid would be saturated with silex, and incapable of exe- 
iButin|^ an engraving ; the same thing would happen were the acid 
kept in vessels of porcelain or earthenware ; tbis acid must there- 
fore be both jsrepared and preserved in vesseb of silver. 

If it be distilled from floor spar and vitrolic acid,in silver or leaden 
vessels, the receiver' being kept very cold during the distillation, it 
assumes tbe form of a dense flaid, and in that state is the most in- 
tensely corrosive substance known. This seems to be tbe acid com- 

* A bottle of fluoric acid is not easily obtained. To make etch- 
ings on glass, first cover the glass with a thin coat of bees wax.-^- 
This is done by warming itover a lamp, and passing the wax over tbe 
sur&ce. Then make the drawing by cutting through the wax quite 
down to the glass. To do the etching in the small way, take a lead, 
or tin cup, and on the bottom, place about a table Spoonful of pulver- 
ized fluorspar, and on this pour sulphuric aci^ enough to moisten it 
—place the glass on the cup as a cover, with the side to be etched 
downward-^tben set the cop in warm water, or warm tbe bottom 
over a lamp, taking care not to melt the wax. In 15 or 20 minutes 
or more, tbe etching will be done^. In this way, drawings are ea^y 
and beautifully made on glass. — C. 

1001. From what does it derive its name ? 
. 1002. By what other name is this acid called ? 

1003. Of what does it consist ? 

1004. What singular eflect does it have on glass ? 

1005. How would you describe tbe method of etching on glass ? 

1006. In what kind of vessels may it be preserved ? 
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biaed with a itltle water, ItmxfhecalMkifdrO'JlMiieadd ; and 
Sir H. Davy haa been led, froai late experiments on the subject, to 
cooaider jpure flvorior acid as a compound of a certain nnknown prin- 
ciple, wbicb be calls /Zuorine, witb bjdrogen. 

Sir H« Davy has sJso attempted to decompose tbe flnoric acid by 
burning potassium in contact witb it ; but be has not^et been able 
bjr this or any other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our account of the acids witii that of the mu&i- 
ATro ACID, which is, perhaps, the most curious and interesting of all 
of tbem. It is found in nature combined with soda, lime, and mag- 
oeaisu M$riat of §oda is the common sea salt ; and from this sub> 
stance tbe acid is usuaUy disengaged bjr means of the sulphuric acid. 
The natural state of the muriatic acid is that of an invisible, perma- 
nent gas, at the common temperature of the atmosphere ; but it has 
a remarkably strong attraction for water, and assumes the form of a 
whiiiah cloud whenever it meets any moisture to combine #ith. This 
acid is remarkable for its peculiar and ver^ pungent smell and pos- 
sesaes, in a powerful deg^ree, most of the acid properties. Here is a 
bottie containing muriatic acid in a liquid state. 

Caroline* And how is it liquefied f 

MrS' B* By impregnating water with it ; its strong attraction for 
water makes it very easy to obtain it in a liquid form. Now, if I 
open tbe phial, you may observe a kind of vapour rising from it, 
which is muriatic acid f^, of itself invisible, but made apparent by - 
combiDing with the mciisture of the atmosphere. 

Emily* Have ^ou not any of the pure muriatic acid gas ? 

Mrt.B. This jar is fuU of that acid in its gaseous atiite^itis 
iorerted over mercury instead of water, because, being absorbabte 
by water, this gas cannot be coniined by it — I shall now raise the 
jar a little on one side, and suffer some of the sas to escape. You 
see that it immediately becomes visible in the form of a cloud* 

Emily, It must be, no doubt, from its uniting with tbe moisture of 
tbe atmosphere, that it is converted into this dewy vapour. 

Jtfr«. B. Certainly ; and for the same reason, that is to say, its 
extreme eagerness to unite with water, this ^n^ will cause snow to 
melt as rapidly as an intense fire. 

This acid proved much more refractory, when Sir H. Davy at- 
tempted to decompose it, than the other two undecompoaed acids. 
Il is singular that potassium will burn in muriatic acid, and bexon^ 
verted into potash, without decomposing tbe acid and the result of 
this combustion is a murial qfpoUuh; for the potash as soon as it is 
regenerated, combines witb the muriatic acid. 

Carolitu. But how can the potash be regenerated if the muriatic 
acid does not oxydate the potassium ? 

Jtfr«. B. The potasainm,4n this process, obtains oxygen from the 
moisture with which the mnciaticacid is always combined, and, ac- 



1007. Whatdid Sir H. Davy call this acid ? 

1006. Where is muriatic acid found ? 

1009. What is the natural state ? 

)010. How is it liquefied .^ 

101 1. How can this fas be confined without a mercuric bath ; 

1012. What effect will mnriaticicid gas have on snow P 

1013. Why Win it melt snow ? 

20 
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mrim^f, l^dragn, remiltiiisr firoBi the daoempMitioii of the vom- 

4iire, is iimunaUy erokye^. 

Etmiy. BiU why aot make dieie expenoMnts with dry nranatic 

acid' 
Mn.B. DrracidscamiotbeactBdoiiby the Voltaic battery, be- 

ome adds an non-ooadocton of electricity, nolew nioisteQed In 
Iheooone of a namber of experiments which Sir H. Davy made 
upon acids in a state of dryness, he obsenred that the presence oi 
water appearedalwaysneoessary to de?elope the acid properties, so 
that aoids aie not even capable of reddening vegetaUe bines if tbej 
have been oarefolly deprived of moistore. This remarkable cir- 
comstaace led him to suspect, that water, instead of oxygen, may be 
the acidifying principle ; hot this he threw out rather ait a coojec- 

tnre than as an ^tablished point. 
8irH. Davy obtained very canons resnlte from burning potassratn 

Im a mixture of phosphorus and muriatic acid, and also of solnbur 
and muriatic acid ; the latter detonates with great violence. All his 
experiments, however, failed in presenting to his view the basis of 
the muriatic ackl, of which he was in search ; and he was at last in- 
duced to form an opinion respecting the nature of this acid, whicb 
1 shall presently explain. 

£m%. Is this acid susceptible of different degrees of oxygenation? 

JIfrv. B. Yes ; for though it cannot be deoxygenated, yet we may 
add oxygen to it. 

CmrtOine. Why, then, is not the least degree of oxygenatioo of 
thie acid called the muriatcm, and the higher degree the \nuriaUc 
acid? 

Mri. B. Because, instead of becoming, like other acids, more 
dmse^ and more acid by an addition of oxygen, it is rendered, on the 
oontrary, more voktile, more pungent, but less acid, and less absorb^ 
able by water. These circumstances, therefore, seem to indicate 
the propriety of making an exception to the nomenclature. The 
highest degree of oxygenation of this acid has been distinguished by 
the additional epithet of oaygeiui^, or, for the sake of brevitv^My, 
s« that it is called oxygenated, or oxy'inuriatic acid* This likewise 
exists in a gaseous form, at the temperature of the atmosphere ; 
it is also susceptible of being absorbed by water, and can be con- 
gealed, or solidified, by a certain degree of cold. 

EwnUy, And how do you obtain the oxy-muriatic acid ? 

Jlfr>. B. In various ways ; but it may be most conveniently ob- 
tained by distilling li<)uid muriatic acid over oxyd of raanganesef 
wiiich supplies the acid with the additional oxygen. One part of the 
acid being put into a retort, with two parts of the oxyd of manga- 
n«e, nnd the heat of » lamp app lied, the gas is soon disengaged, and 

• 1014. Why cannot dry acids be acted on by the Voltaic batterr? 

1015. What is the basis of muriatic acid ? 

4014. Is this acid capable of combining with different propor- 
tions of oxyiren? 

1017. Why is not the least degree^of ovygwifttian caUed tbe 
muriatousacid? 

1018. What is the highest degree of oxygenatkm of this a(;id 
catted? 

1019. Elow48theflKy«mw»Cie add obfettbied? 



may beTeceived ov6r water, as it is but fiprngly aibMOlied. bgr itb-^ 
I baTe ooHecied some in this jar-<-* 

CaroHne. It is not invisible^ like tiw generality of j^ases ; for it is 
of a yelioinsh eolonrv 

•Tllri* S. The mttriadc acid extiognisbes flame, whilst, on the 
contraiy, the oKy-muriatic makes the flame larger, and gives it a 
dark red colour. Caa you account for this diflerenoe in the Mro acids ? 
Emily. Yes, I think so ; the mttriatiG acid will not supply the 
flame with the oxygen necessary for its suf»port ; but when this 
acid is further <ncygenal6d, it will part with its additional quantity 
of oxygen, and in this way support combustion*'!' 

Jlfr«. B. This is exactly the case ; indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it is separated by 
mere exposure to the sun's rays. This acid- is decomposed also \if 
combustible bodies, many of which it,bums, and actually inflames^ 
withottt*sny prerions increase of temLperature. 

Caroline. That is extraordinary indeed ! I hope you mean to in* 
d'ul^ us with some of these experiments P 

Mn, B, I hare prepared seToral glass jars oCoxy-muriatic add 
gas for that purpose. In the first we shall introduce some I>tttch 
g'old leaf.— Do you observe that it takes fire ? 

Mrnily. Tes, mdeed it doe»— bow wonderful it is! It became im- 
mediately red hot, but was soon smothered in a thick vapour. 
Caroline. What a disagreeable smell ! 

JIf rt. B. We shall try the same experiment with phosphorus in 
another jar of this acid. --You bad better keep your handkerchief to 
your nose when I open it — now let us drop into it this little piece of 
phosphorus — * • > 

Caroline. It bums really; and almost a^ brilliantly asiaoKygen 
gas ! But what is roost extraordinar]{^, these combustions take place 
witfaout the metal or pfao^horus being previously lighted, or even 
in the least heated. 

JIfrtf. B. All these curious ^ects are owing to the very great fa- 
cility with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in« 
deed to see bodies, and metais in particulai\ melted down and in* 
flamed by a gas, wttbont any increase oi ten^fature, either of the 
gas, or of the combustible. The phenomenon, however, is, you see^ 
well accounted for. 

Emily. Why did you bum a piece of Dutch gold leaf rather than 
a piece of any other metal ? 
Jilrs. B. Because, in the first place, it is a compositon of metals 



t^mm 



"f Breatfainir only afew bubbles of the gas is attended with bad,— 
sometimes with dangerous consequences. The young chemist, 
therefore, had better not undertake to make it.«^C. 

f According to this new theoiy of chlorine, as wiU be ex|daiDed 
at the end of this conversation, this combustion is ^Sbeted in eonae- 
quence of the union of chlorine (or oxy-muriatic acid) with the hy- 
drogen of the combustible body. 



1020. Why will the' muriatic acid extinguish flame, and oxy-mK 
riatic acid make it larger, giving it a dark red eolear I 

1021 . Wbjr wiU some cembustiUe bodies bum in tbiB uhA With-' 
out any previous increase of temperature i* 
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(oQiiaittiogchidlyofooppflr) which boras readHy; uidliueathui 
metallic mf in prefereiioe to a lump of metal, becaaae it offisn to 
the actioo of the gas but a smaU qoantity of matter under a large 
suHhce. Filings, or shaTinrs, would answer the purpose nearly as 
well; but a lump ofmetalfSiough the sur&ce would oxydate with 
great rapidity, would not t^ke mre. Pure gold is not inflamed by 
oxjr-munatic acid gas, but it is rapidly oxydated,anddisBolred by 
it ; indeed, this acid is the only one that will dissolve gold. 

Emily, This, I suppose, is what is commonly called aqua regia, 
which you know is toe only thing that will act upon gold. 

Jfrj. B. This is not exactly Sie case either ; for aqua regia is 
composed of a mixture of muriatic acid and nitric acid.^Bat, in 
iact, the result of this mixture is the formation of oxy-muriatic 
acid, as the muriatic acid oxygenates itself at die expense of the 
nitric ; this mixture, therefore, though it beiars the name of ntlro- 
muritMc aeid^ acts dn gold merely in virtue of the oxy^muriatic 
acid which it contains. 

Sulphur, volatile oib, and many other substances, will bum in the 
same manner in oxy-muriatic acid gas ; but I have not prepared a 
sufficient quantity of it, to show combustion of all these bodies. 

Caroline. There are several jars of the gas yet remaining. 

JIfrj. B. We must reserve these for future experiments. The 
oxy-muriatic acid does not, like other acids, redden the blue vege- 
table colours; but it totally destroys all colour, and turns vegeta- 
bles perfectly white. Let us collect some vegetable substances to 
put into this glass, which is full of gas. 

Emily. Here is a sprig of myrtle— > 

Caroline* Aod here some coloured paper— 

JUrt. B* We shall also put in this piece of scarlet riband, and a 
rose— 

Emily, Their colours begin to fade immediately. But bow does 
the ras produce this effect ? 

jtrt. B> The oxygen combines with the colouring matter of these 
substances, and destroys it : that is to say, destroys the property 
which these colours had of reflecting only one kind of rays, and ren- 
ders them capable of reflecting them all, which, you know, wHI 
make them appear whfle. Old f>rints may be cleaned by this acid, 
for the paper will be whitened without infury to the impression, as 
printer^ ink is made of materials (oil and lamp black) which are not 
acted upoi^ by acids. * 

This ppoperty of the oxy-muriatic acid has lately been employed 
in manufactures in a variety of bleaching processes; but for tiiese 
purposes the g[a8 must be dissolved in water, as the acid is thus ren- 
dered much milder and less powerful in its effects ; for in a gaseous, 

1022. By what acid is gold oxydated and dissolved f 

1033. Why does a mixture of nitric, and muriatic acids dissolve 

gold, when neither of them will do it alone ? 
1094. What effect does tbe oxy-muriatic acid have on vegetable 

colours ? 

1025. Why does it produce this effect ? 

1026. Why is it, that the paper of old prints may be cleansed by 
this acid, without any iujury to the impression f 

1027. Of what use is the oxy-muriatic acid in manufiaustttres ? 
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state, it woBld destroy the textiife, as ireU as the c(A(mr of the snii 
stance submitted to its action. "*^ 

CaroUne. Look at the thingrs which we put into tt»e ffas- thev 
liave now entirely lost their colour ! ^ uw gas, iney 

Jlfr#. A The effisct of the acid is almost completed ; and if ^e 

The oxy-mumtic .cid has been used to purify the air in ferer 
hosmtak Mid pjMons, as itbornsand destroyspntra «B«"iaofe^ 
kind. The infection of the smaU.poK is l{k«^ dStroySd by S 
ps, and matter that has been wibmitted to its i^^w^^ 
loo^r generate that disorder. munence wui no 

Carotine. Indeed, I think the remedy mnst be nearlv « hoH « 
tte disease ; the oxy-m«ri«ic acid has sich a d^J^/sS^l," 

^i^K*' ?•. ^* '^ certainly extremely offensive : but by keeninir the 
mouth Stat, «id wettintr the nostrife with Uquid ammininiTfr^r 
to aeutralize the vapour as it reaches the aos^, its prri^jid e^ 
may be u, some degree prevented. Atany ra e,hSi^Te^ hig^ 
of disinfection can hardly be nsed in plac^ that are inhabited^ An5 
as the vapoorofn trie acid, which is Scarcely le^ca^ioS^rlSf 
ScSS^s." ■"" ** "'^ prejudicial, it U us/aUy prefe?^°'on s J^ 
Carbine. You have not told as yet what is Sir H. Davy's new 

xrm!r«?:fS' ''" "'•^'^ '^'''"'''^•''' y°°^»^^ 

"i^nr^i'iijSrts;atg„'£^^^ 

pound, consisting of an mikDown basis and oxvren k ftmnli h.T 
union of oxy-mn^tic gas with hydrogen: ^^ ' ^'^ ^' *•"* 

Bmily. Have yon not told as just now thatoxy-mwiaUc ns wm 
Itself a compound of mnriatic acid and oxygen > ""*"" s^ "** 

J«fr». B. Yes; but according to Sir H. Davy's hypothesis otv. 
muriatic gas is considered as a simple body, whfchc4wM m o« 
gen-as a sobstance of its own kiJd, whic^' has a g?Srt m5Z?o" 
oxygen mmort of ,ts properties, though in others g diffen Sly 
from ifc-AocordiMr to 0m view of the subject, the name of ^-5S 
rwrfM a«d can no longer be proper, and therefore. Sir H. I^Tht 
adopted that of cAtonw, or cUarmegas, a nam^ whfch ffirf? 
exprMsiye rfiU greemsh coloar; andln compliance with fhlf^?/ 

SiSptp;^'^' "• "^ ^'^ '*^« « -"^ KmSst; 

Corolttie. Bat what was Sir H. I>arr'8 rtauum Am^ »4^^ 
opiMon ^ co«tr«y to that wiichtdStoS!^i^*^ «" 

•nrt. B. There are many circnmstances which are fitvonrableta 
the new doetrme; but the clearest mhI simplest faortoSiwp^ fa, 

1^. For what medieimd purposes has it been nwd? 
pri^tJ?r ■*'' *• •»«»*«»»<* of fte oxy-mnriatic »^ be 

J^' S^**** ^^ ^- Dwy 'wppow mmwtio acid to be' 
1031, Wbyisoxy-mnriaticaoidlS^caHed^S? 

20'' 
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that if hydro^ gas and ozy-muriatic ffas be mixed together^ both 
tbese gnoses disappear, and mariatic acid gas is forro^. 

EfMly. That seems to be a complete proof; is it not considered 
as perfectly conclusive ? 

Jfrs. B, Not so decisiye as it appears at first si^ht ; because it is 
argued by those who still incline to the old doctrine, that roaria^c 
acid g^s, however dry it may be, always contains a certain quantny 
of water, which is supposed essential to its formation. So that, in 
the experiment just mentioned, this water is supplied by the union 
of the hydrogen gas with the oxygen of the oxy-muriatic acid; and 
therefore the mixture resolves itself into the base of muriatic acid 
and water, that is, muriatic acid gas. 

Carolint. I think the old theory must be the true one ; for other- 
wise how could you explain the formation of oxy-muriatic g^,from 
a mixture of muriatic acid and oxyd of manganese? 

Jtfr«. B* Very easily ; you need only suppose that in this process 
the muriatic acid is decomposed ; its hydrogen unites with tne 0:1^- 
gen of the manganese to form water and the chlorine appears in Us 
separate state. 

Emily. But how can you explain the various combustions which 
take place in oxy-muriatic gas, if you consider it as containing no 
oxygen ? 

Jdrs. B. We need only suppose that combustion is the result of 
Intense chemical action;* so that chlorine, like oxygen, in combi- 
ning with bodies, forms compounds which have less capacity for ca- 
loric than their constituent principles, and, therefore, caloric Is 
evolved at the moment of their combination. 

Emily. If, then, we may explain every thing by either theory, to 
which.of the two shall we give the preference ? 

Mri, B. It will, perhaps, be better to wait for more decisive 
proofs, if such can be obtained, before we decide positively upon the 
subject. The new doctrine has certainly gained ground very rapidly, 
and may be considered as generally established ; but a few competent 
judges still refuse their assent to it, and until that theory is establish- 
ed beyond all doubt, it may be as well for us still oecasionaUy to use 
the language to which chemists have long been accustomed. — But 
let us proceed to the examination of salts formed by muriatic acid. 

Among the compound salts formed by muriatic acid, the mortal of 
soda^ or common salt, is the most interesting, f The uses and pro- 

* ^' Intense chemical action," neither explains the process, nor 
indeed conveys to the mind any definite idea. The views of Sir H. 
Davy on the composition of chlorine, are combatted by many of the 
first chemists in England, as well as in this country. The inquisi- 
tive reader may become acquainted with the grounds of dispute on 
both sides by referring to Cooper's edition of Thomson's chemis- 
try.— C. 

f According to Sir H. Davy's views of the nature of the muriatic 
and oxy-muriatic acids, dry muriat of soda is a compound of sodium 

• 1032. What are the reasons for supposing that chlorine is not a 
simple substance? 

1033. How are the combustions in oxy-muriatic aoid explained, 
if it does not contain oxygen? 

1034. W7iatis9aid(m4ke8ut^ectinihen(Jie? 
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perties. of this salt are too well known to require much comment. 
Besides the pleasant fiarour it imparts to the food, it is rery^ wUole- 
some, when not used to excess, as it assists the process of digestion. 

Sea-water is the great source from which muriat of soda is ex- 
tracted by evaporation. But it is also found m large solid masses in 
the bowels of the earth, in England, and in many other parts of the 
world. 

Emily. I thought that salts, when solid, were always in the state 
of crystals; bat the common table salt is in the form of a coarse 
white powder. 

Jdrs, B, Crystallization depends, as you may recollect, on the 
slow and regular re-union of fiarticles dissolved id a fluid ; common 
sea-salt is only in a state of imperfect crystallization, because the 
process by which it is prepared is not favourable to the formation ot 
regular crystals. But if you dissolve it, and afterwards evaporate 
the water slowly, you will obtain a re^fular <;rystallization. 

JditricU of ammonia is another combmation of this acid, which we 
have already mentioned as the principal source from which ammo- 
nia is derived. 

I can at once show you the formation of this salt by the immedi- 
ate combination of muriatic acid with ammonia. These two glass jars 
contain, the one muriatic acid gas, the other aramoniacal gas, both 
of which are perfectly invisible — now, if I mix them together, you 
see they immediately form an apaque white cloud, like smoke, if a 
thermometer was placed in the jar in which these ^es are mixed, 
you would perceive that some heat is at the same time produced. 

Emily, The effects of chemical combinations are, indeed, won- 
derful !— How extraordinary it is that two invbible bodies should 
become visible by their union ! 

Jtfrt. B. This strikes you with astonishment, because it is a phe- 
nomenon which nature seldom exhibits to our view ; but the most 
common of her operations are as wonderful, and it is their frequency 
only that prevents our regarding them with equal admiration. What 
would be more surprising, for instance, than combustion, were it 
not rendered familiar by custom ? 

kmily. That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia f How different it is from the solid mu- 
riat of ammonia which you once showed us ! ' i. 

JSrt. B. It is the same substance, which first appears in the state 
of vapour, but will soon be condensed by cooling against the sides 
of the jar, in the form of very minute crystals. 

We now proceed to the oxy-muriatt. In this class of salts the ory- 
murial of potash* is the most worthy of our attention ^ for its striking 

and chlorine, for it may be formed by the direct combination of oxy- 
ronriatic eas and sodium. In his opinion, therefore, what we com- 
monly call muriat of soda, contains neither soda nor muriatic acid. 
* Oxy-muriat of potash is prepared by passing chlorine through a 
solution of potash in water. The process is long and diificult.— C. 

1035. Where is the muriat of soda obtained ? 

1036. On what does crystallization depend f 

■ 1037. Wh^ is common salt in a si^te of imperfect crj^stallization ? 

1038. Of what is the mnriat of aflmonia a combination ^ • 

1039. What two gases, when mited, fonn muriat of ammonia ? 
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properties. The acid, in this state of oombination coatains a still 
greater proportion of oxygen than when alcme. 

Carohne, But bow can the oxy-muriatic acid acquire an increase 
of oxygen by combining with potash ? 

jars. B, It does not really acquire an additional quantity of oxy- 
gen, but it loses some of the muriatic acid, which pnxluces tbe same 
effect, aii the acid which remains is proportionably super-oxyg^en- 
ted* 

If this salt be mixed, and merely rubbed together with sulphur, 
phospliorus, charcoal, or indeed any other combustible, it explodes 
strongly. 

Caroline. Like g^n-powder, 1 suppose, it is suddenly cpnverted 
into elastic fluids ? 

Mrs. B, Tes : but with this remarkable difference, that no in- 
crease of temperature, any further than is produced b? gentle fric- 
tion, is required in this instance. Can you tell me what gases are 
generated by the detonation of this salt with charcoal ? 

Emily. Let me consider. . . . The oxy-muriatic acid parts with 
its excess of oxygen to the charcoal, by which means it is convert- 
ed into muriatic acid gas ; whilst the charcoal, being burnt by the 
oxygen, is changed to carbonic acid gas. What becomes of the 
potash I cannot tell. 

Mrs. B. That is a fixed product which remains in the vesseL 

Caroline, But since the potash does not enter into the new com- 
binations, 1 do not understand of what use it is in this operation. 
Would not the oxy-muriatic acid and the charcoal proauce the 
same effect without it ? 

Jlrg, B, No ; because chlorine (or oxy-muriatic acid) does n6t 
unite with charcoal, unless oxygen be added to it, and this oxygen 
is supplied by the potash. 

1 mean to show you this expertment, but I would adrise you not to 
repeat it alone ; for if care be not taken to mix only yery small 
quantities at a time, tbe detonation will be extremely vi^ent, and 
may be attended with dangerous effects. You see I mix an exceed- 
ing small quantity of the salt with a little powdered charcoal, in this 
Wedgwood mortar, and rub them together with the pestle^ 

Caroline. Heavens ! How can such a loud explosion be produ- 
ced by so small a quantity of matter? 

Mrs. B, You must consider that an extremdy small quantity of 
solid substance may produce a Tery great Tolnme of gases ; and it is 
the sudden evolution of these which occasions the sound. 

* According to Sir H. Davy's new views, just explained, oxy- 
muriat of potash is a compound of chlorine with oxygen and oxyd 
of potassium. 



1 040. What are the peculiar properties of oxy-muriat of potash ? 

] 04 1 . Why will the Qxv-<munat of potash explode if mixed and 
rubbed together with sulphur, phosphorus,' charcoal, or any other 
cotnbustihle substance P 

1042. What gases are generated by the detooation of this salt 
with charcoal P 

1043. Why would not the same effect be prodaoed by the oxv- 
munatic acid and charcoal without the potash ?> 
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Emily, would not oxy-mariat of potash make stronger gun- 
powder than nitrat of potash ? 

Mrs* B* Yes ; but toe preparation, as w^ as the use of this salt, 
IS attended ifrith so much danger, that it is never employed for that 
purpose. 

Caroline. There is no cause to regret it, 1 think ; for the com* 
mon gun-powder is quite sufficiently destructive. 

Jfifry. B» I can show you a very curious experiment with this 
salt : but it must again be dft condition that you will never attempt 
to repeat it by yourselves. I throw a small piece of phosphorus in- 
to this glass of water ; then a little oxy-munat of potash ; and last- 
ly, I pour in (by means of this funnel, so as to bring it in contact 
with the two other ingredients at the bottom of the glass) a small 
quantity of sulphuric acid — 

Caroline, Tnis is, indeed, a beautiful experiment! Thephospho^ 
rOs takes fire and burns from the bottom of the water. 
^ Emily. How wonderful it is to see flame bursting out under wa- 
ter, and rising through it ! Pray, how is this accounted for ? 

Jffr«. B. Cannot you find it out, Caroline ■' 

Emily. Stop-~l think I can explain it. Is it not because the sul- 
phuric acid decomposes the salt oy combining with the potash, so 
as to liberate the oxy-muriatic acid gas by which the phosphorus is 
set on fire ? 

Mrt. B. Very well, Gmily ; and with a little more reflection ypu 
would have discovered another concurring circumstance, which is, 
that an increase of temperature is produced by the mixture of the 
sulphuric acid and water, which assists in promoting the combus- 
tion of the phosphorus. 

I must before we part, introduce to your acquaintance the new- 
ly discovered substance, iodin s, which you may recollect we pla- 
ced next to oxyffen aud chlorine in mr table of simple bodies. 

Caroline. Is this also a body capable of maintaiamg combustion 
like oxygen and chlorine f 

Mre. B. It is ; and although it does not so generally disengs^e 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, as 
in the instance of potassium and phosphorus, the comtHuation is at- 
tended with an actual appearance of light and heat. 

Caroline. But what sort of substance is iodine ; what is its form 
and colour ^ 

' Jlrs. B. It is a very singular body, in many respects. At the 
ordinary temperature of the atmosphere, it commonly appears in the 
form of bluish-black crystalline scales, such as you see in this tube. 

Caroline. They shine like black lead, and some of the scales have 
the shape of lozenges. 

^rs, B. That is actually the form which the crystals of iodine of- 

1044. From what may a stronger gun-powder than that now us- 
ed be made ? 
J 045. Why is it not used ? 

1046. How may phosphorus be set on fii^in water ? 

1047. Why is this effect produced ? 

1048. How does iodine differ from oxygen and chlorine : 

1049. How does iodine appear f 
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tea assume. But if we heal tbem gentlj by boldio; the tube over 
the flame of a candle, see what a ehange takes place ia them. 

CaroUne. How ourioDS ! Thf^yjseem to melt, aod the tabe imme- 
diately fills with the beautiful violet vapour. But look Mrs. B., the 
iztne scales are now appearing at the other end of the tube. 

Jlfr«. B. This is, in (act, a sublimation of iodine, from one part of 
the tube to another ; but with this remarkable peculiarity, that while 
in the gaseous staite, iodine assumes that bright violet colour, which 
as you may already perceive, it loses- as<the tube cools, and the sub- 
stance resumes its usual solid form. It is from the violet colour of 
the gas that iodine has obtained its name. 

OnroUne. But how is this curious substance obtained ? 

Mrs. jB. It is found in the ley of ashes, of sea- weeds, after the so- 
da has been separated by cry^stallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaline ley in the 
form of a violet g^, which may be collected and condensea in the 
way which.you have just seen. This interesting discovery was made • 
in theyeai 1812, by M. Courtois, a manufacturer of saltpetre at 
Paris. 

Caroline, And pray, Mrs. B., what is the proof of iodine being a 
simple body ?. 

Jar*. B. It is considered as a simple body, both because it is not 
capable of being resolved into other ingredients ; and because it is 
itself capable of combining with other bodies, in a manner anala- 
g^ous to oxygen and chlorine. The most curious of these combina- 
tions is that which it forms with hydrogen gas, the result of which is 
a peculiar gaseous acid 

Caroline, Just as chlorine and hydrogen gas form muriatic acid. 
In this respect chlorine and iodine seem to &ar a strong analogy to 
each other. 

Jtfr*. B. That is indeed the qase : so that if the theory of the con- 
stitution of either of these two bodies be true, it must be true also 
in regaird to the other ; if erroneous in the one, the theory must fall 
in both. 

But it is now time to conclude ; we have examined such of the 
acids and salts as I conceived would appear to you most interesting. 
I shall not enter into any particulars respecting the metallic acids, 
as they offer nothing sufficiently striking for our present purpose. 



CONVERSATION XX. 

ON THE NATURE AND COMPOSITION OF VEGE- 

TABLEa 

Mr». B. We have hitherto treated only of the simplest combioa- 
tions of elements, such as alkalies^ earths, acids, compound salts, 

» — ■ . 

1050. How can you show the violet coloured gas ? 

1051. From what does iodine obtaio its name i 

1052. How is iodine obtained ^ 

1053. Why is iodine reckoned a simple body ? 

1 054. In what respect do chlorine aod iodine resemble each other: 

1055. What are the simplest combinations of elements.' 
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slcmeB) &o. ; all of vhieh Mong^to Uie mineral kingdom. It is Um^ 
now to tvrn osr attention to a more compficated class of compounds, 
tfaat of oKOAViEBD S0DII18, wloch will fumish -US with a new source 
of instruction and amnsement. 

Etnily. By or^^ized bodies, I suppose you mean the reg^etable 
and animal creation ? I baye, however, but a rery vague idea of 
the word orgamzatioity and I have often wished to know more pre- 
cisely what it means. 

Jwr9, B. Organized bodies ave such as are endowed by nature 
with varioas j^lt, peculiarly constructed and adapted to perform 
certain functions connected with life. Thus yon may observe, that 
mineral compounds are formed by the simple effect of mechanical 
or chemical attraction, and may appear to some to be, in a great 
inea8ure,tbe production»4>f chance ; whilst organized bodies bear 
the most striking and imprasaive marks of design, and are eminent- 
ly distingttiibed by that unknown principle, culed li/h, from which 
tnei%irious organs derive the power of exercising their respese* 
tive functions 

Caroime* But in what manner does life enable these organs t6 
perform their several functions ? 

Jtfr#. B, That is a mystery which, I fear, is enveloped in such 
profound darkness, that there is very little hope of our ever being 
able to unfold it. We must content ourselves with examining the 
eflfecis of this principle ; as for the cause,' we have been able only 
to give it a name, without attacluBg any other meaning to it, than 
the vague and unsatiBfiictory idea of an unknown agent. 
Caroline. And yet I think I can form a very clear idea of life. 
Mr$. B. Pray let me hear how yon would define it ? 
Caroltne. It is, perhaps, linore easy to conceive, than to express-^ 
let me considar— Is not life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
whioh natore &b assimd to them ? 

JIfrt. B. I have noming to object to your definition ; but you will 
aUow ne to observe, that you have only mentioned the effects which 
the unknown cause produces, without giving us any notion of the 
cause itself. 

EtniUy. Yes, Caroline, yon hare toU us what life doet, but yon 
faave not told us what it w. 

Jtfrf. B. We may study its operations ; but we should puzzle our- 
selves to no purpose by attempting to form an idea of its real nature. 
We shall begm with examining its effects in the vegetable world, 
which 0(«i8titttte8 the simplest class of organized bodies ; jebese we 
shall find distinguished from the mineral creation, not only by their 
morecomplicatod nature,but by the power which they possess with- 
in themsdves, of fonmngnew chemical arrangements o^ then: con- 
, stituent parts, by means of appropriate organs. Thus, though all 
veget abl e s arenltimatdy composed of hydrogen, carbon, and oxy- 
gen, (with a few other occasional ingredients,) they separate and 



^' — »• 



1056. What areoii^ised bodies f 

1057. How do they differ firom inoiganic matter ? 

1058. What is life in iU pbikMophical accepution ? 
1069. What is the simplest class of organized bodies ? 
1060. Of what are TCgetablfls meetly cmnpoiedr 
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oomtoa theae priociptos, by their TaiioiM or^asi in a thouauiil 
wa^, and lorm, with ibem^ diiferent kinds of juices an480lid*part8, 
whioii exist ready made in Fegetables, and may, therefore, be con- 
sidered as their immediate materials. 
These are : 

Sugar^ BaUamt^ 

Feetfto, CaouiehouCt 

Gluten^ Esdr^ctwe colouring JdalUr^ 

Fixed Oil, TanmOf 

FolaUU OUy Woody Fibre, 

Camphor, Vegeiable Acide, Sfc. 

Caroline. What a long list of names ! I did not suppose that a ve- 
^table was composed of half so many ingredients. 

Mri, B» Yon must not imagine that every one of these materials 
is formed in each indiridoal plant 1 onlv mean to say, that they are , 
oU derired exclusively from the vegetable kingdom. 

£m%. But does each particular part of the plant, such as the 
'root, the bark, thestem, the seeds, and leaves, consist of one of these 
ingredients only, or of several of them combined together? 

Mn, B. 1 believe there is no part of a plant irhich can be said to 
consist solely of any one particular ingredient ; a certain number of 
vegetable materiab must alwavs be combined lor the formation of 
any particular part, (of a seed n>r instance,) and these combinations 
are carried on by sets of vessels, or minute organs, which select 
Oom other parts, and bring together, the several principles required 
for the development and growth of those particular parts which they 
are intended to form and to maintain. 

Emily. And are not these combinations always regulated by the 
laws of chemical attraction? 

Mr», B' No doubt; the organs of plants cannot foree principles 
to combine which have no attraction for each other ; nor can tney 
compel superior attractions to yield to those of inferior power; thev 
prooably act rather mechanically, by bringing into contact such 
principles, and in such proportions, as will, by tiaeir chemical com- 
oination, form the various vegetabjle products. 

CaroUne, We may then consider eacli of these oigans as a curi- 
ously constructed apparatus, adapted for the performance of a va- 
riety of chemical processes. 

Jtre. B. Exactly so. Ai Umg as the plant lives and thrives, the 
carbon, hydrogen, and oxygen, (the chief constituenU of its imme- 
diate materials,) are so balanced and connected togetlier, that .they 
are not susceptible of entering into other combinations ; but no 
-Sooner does death take place, than this state of, equilibrium is do- 
etroyed and new combinations produced. 

; — -. 

1061. What are the ingredients of vegetables ? 

1062. Is it to be supposed that all these ingredients exist in a 
single vegetable? 

1063. And does an;|r vegetable or ,any part of one consist solely of 
-a single one of these ingredients ? 

1064. By what are Oie combinations in tbe vegretable kihtdem 
regulated ? o o 

J065. How may the organs of plants be considered I 
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JBmiUf, BotwbytlMMlddittlhdeitrayftffiirtiMeepimiplMnm^ 
remftin in the nme pioportioiii, aadconieqiMotly, I sbooU wpftmt^. 
in the same tfider or ftttnotioss ? 

Mr§. B. Yoa mast remember, ths^t in the rmtaUe, as well as in 
the animal Miigdom, it is by the principle of 1^^ that tin oi{;ansare 
^Dftbled to act ; when deprired of that ag^ent or stimnlos, their power 
ceases, and an order or attractions succeeds, similar to that which 
would take place in minendor unorganized matter. 

Emily > It is this order of attractions, I suppose, that destroys the 
ominization of the plant after death'; for ir the same combinations 
atill continued to prerail, the i^nt would always remain in die state 
ia which it died? 

Mrt, B. And that, you know, is never the case; plants may be 
partially preserred for some time after death, by dr3^g ; but in the 
natural course of events they aU return to die state of simple ele- 
ments ; a wise and admirable dispensation of Providence, by which 
desul plants are rendered fit to enrich the soil, and become subser- 
vient to the nourishment of living vegetables. 

Caroline. But we are talking of the dissolution of plants, before 
we have examined them in their living state. 

Jlfr«. B, That is true, my dear. But 1 wished to give jrou a ge- 
neral idea of the nature of vegetation, before we entered into par- 
ticnlars. Besides, it is not so irrelevant as you suppose to talk or ve- 
getables in their dead state, since we cannot analyze them without 
destroying life ; and it is cmly by hastening to submit them to ex- 
amination, immediatelv after thejr have ceased to live, that we can 
anticipate their natural decompositum. There are two kinds of ana- 
lysis of which v^^tables are susceptible ; first, that which separates 
them into their immediate materials, such as sap, resin, mucila|^, 
&c. ; secondly, th^t which decomposes them into their primitive 
elements, as carbon, hydrogen, and oxygen. 

EmUy» Is there not a third kind of analysis of plants, which con- 
siate in separating their various parts, as the stem, the leaves, and 
the several organs of the flower ? 

Jlfr#. B. That,, my dear, is rather the department of the botanist; 
we shall consider these different parts of plants only, as the organs 
by which the various secretions or separations are performed ; but 
we must first examine the nature of tnese secretions. 

Tbe^ap is the principal material of vegetables, since it contains 
the ingredients that nourish every part of the plant. The basis of 
this juice, which the roots suck up from the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are rradually secreted from the sap by tiie 
different organs appropriated to that purpose, as it passes them in 
circulating througn the plant 

JIfticttf, or muo^^e, is a vegetable substance, which, like all the 

1066. Why should death destroy vegetable combinations ? 

1067. What is an admirably wise dispensation of Providence in 
regard to the nature of plantar 

1068. Of how many kinds of analysis are vegetables susceptible P 

1069. What is the first? 

1070. What is the second? 

1071. What is the principal material of vegetables ? 

1072. What is tiie basis of this juice ? 

21 
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olfa«n, lt'feei«M fitfn the lap ; wfam ill eneiB, H esulesf^^ 
tf668 in tii6 finrni of gun* 
Caroline, Is that the g^um so freqmnAj vaed iottead of paste or 

JWf. B. It is ; almost all frqit trees yield some tort of gnm, bat 
fbat most comttoDly ased io the arts is obtained from a species of 
acflM;ia>tree,in Arabia, and is oaJled gvm arMc; it ibrms the chief 
noorishment of the -natires ci those parts, who obtain it in ^reat 
qnantities frtm iaoisions which they make in the trees. 

Caroline. I did not know tliat gnm was eatable. 

Mrs. B. There is an account of a whole ship's company being 
saved from starving^ by feeding on the car^, which was ^m sene- 
ga. I should not. boweyer, ima^ne, that it would be either a plea- 
sant or a particularly eligible diet to those who have not, from their 
birth, been accustomed to it. It is, howerer, frequently taken me- 
dicinally, and considered as very nourishing. Several kinds of ve- 
getable acids may be obtained, by particnlar processes, finoro gam 
or mucilage, the principal of which is called the mucous acid. 

Sv^ar is not found in its simple state in plants, hnt is always mix- 
ed with gum, sap, or other ingredients ; this saccharine matter is to 
be met with in every vegetable, but abounds most in roots, fruits, 
and particularly in the sugar cane. 

Einily If all vegetables contain sugar, why is it extracted ex- 
olusively from the sugar-cane ? 

Mrt, B. Because it is both most abundant in that plant, and 
most easily obtained from it. Besides, the sug^ars produced by other 
vegetaUes differ a little in their nature. 

During the late troubles in the West Indies, when Europe was 
but impmectly supplied with sugar, several attempts were made to 
extract it from other vegetables, and very good sugar was obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterprize to any extent. 

Caroline^ I should think that sugar might be more easily obtained 
from sweet fruits, such as figs, dates, ko- 

Jfrs. B. Probably; but it would be still more expensive, from 
the high price of those fruits, and it would not be exactly like com- 
mon sugar.* 

Emily. Pray, in what manner, is sugar obtained from the sugar- 
cane ? 



* Some foreign chemists (MM. Kirkoff, Braconnot, &c.) have 
found that if starch be boiled for a long time in water containing 
one-fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in cooling, into a solid 
brownish mass, which has the taste and other general properties of 
sugar. Durin? this process, do gas is disengaged, and the acid is 
not decomposed. 
"""— * ' _^— ... ,1. ... *- 

1073. What is the mucilage of vegetables ? 

1074. What uses are made of mucilage or gum ? 

1075. In v^at state does sugar naturally exist ? 

1076. In what does it mostly abound ? 

1077. If it is found in all vegetables, why is it extracted from 
^gar-cane only? 
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Mrs. B> Tke juice nf Uhb pla&t ig fint ex^raned by pawing k 
betweeo two cylioden of iron. It is then boiled with lime-wfller, 
which in^es a thick ecum rise to the surfiice. The clarified liquor 
is let off below, and evaporated to a very small quantity, aifter 
which it is suffered to crystalUse by standing in a yessel, the bottom 
of whieh is perforated with holes, that are imperfectljr stopped in 
order that toe syrup may drain off, Th^ su^r obtained by this 
process is a coarse, brown powder, commonly called raw or moist 
sugar ; it undergoes another operation to be refined and converted 
into loaf snear. For this purpose it is dissolved in water, and after- 
wards purified by an animal fluid called albumen. White of eggs 
chiefly consists of this fluid, which is also one of the constituent parts 
of blood ; and consequently eggs, or bullock^s blood, are commonly 
used for this purpose* 

The albuminous fluid being diffused through the syrup, combines 
with all the solid impurities contained in it, and rises with them to 
the surface, where it forms a thick scum ; the clear liquor is then 
ag^in evaporated to a proper consistence, and, poured into moulds, 
in which, by a confused crystallization, it forms loaf sug^r. But an 
additional process is required to whiten it ; to this effect the mould 
is inverted, and its open base is covered with clav, through which 
water is made to pass ; the water slowly trickling through Uie sugar 
combines with and carrier off the colouring matter. 

Caroline. I am very glkd to hear that Sie blood that is used to 
purify sugar does not remain in it ; it would be a disgusting idea. I 
have heard of some iiAprovements by the late Mr. Howard in the 
process of refining sugar. Pray what are they? 

Mrs, B. It would be much too long to give you an account of the 
process in detail. But the principal improvement relates to the mode 
of evaporating the syrup, in order to bring it to the consistency of 
sugar. Instead of boiling the syrup in a large copper, over a strong 
fire, Mr. Howard carries off the water by means ofa large air pump, 
in a way similar to that used in Mr. Leslie's experiment for freezing 
water by evaporation ; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no greater heat than that ofa lit- 
tle steam, which is introduced round t£s boiler. The air-pump is of 
course oi large dimensions, and is worked by a steam engine. A 
great saving is thus obtained, and a striking mstance afforded of the 
power of science in suggesting useful economical ifflorovements. 

Emily, And pray how are sug^-candy and barley-sugar pre- 
pared ? 

Mrs» B* Candied sugar is nothing more than the regular crystals, 
obtained by slow evaporation from a solution of sugar. Barley- 
sugar is sugar melted by heat, and afterwards cooled in moulds of 
a spiral form. 

8ogar may be decomposed by a red heat, and, like all other ve- 
getable substances, resolved into carbonic acid and hydrogen. The 
formation and the decomposition of sugar afibrd many very inter- 
esting particulars, which we shall fully examine after having gone 

1078. In what manner is sugar obtained fimn sugar-cape ? 

1079. How is sugar refined or converted into lou sqgar ? 

1080. What is Mr. Howard's improvement for refimof sugar? 
1061. How is sugar-candy and barlev-suga^ pcepmd? 

1082. How m^y sugar be decomposea, iSk woat is tb« product ^ 
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thnwg^h the other msterials of Fegot^lei. We shall find that tliere 
is reason to sappose that sagar is not, like the other materials, se- 
creted from the sap by appropriate org^ans ; but that it is foroM^ by 
a peculiar process with vfrnich you are not yet acquainted. 

Carolina. Pray, is not honey of the same nature as sug^r? 

Mrt, B* Honey is a mixture of saccharine matter and |^um ? 

Emily. I thought that honey was in some measure an animal sub- 
stance, as it is prepared by the bees. 

Jin, B. It is rather collected by them from flowers, and convey- 
ed to their store-houses, the hives. It is the wax only that under- 
goes a real alteration in the body of the bee, and is thence conrerted 
into an animal substance.* 

Manna is another kind of sugar, which is united with a, nauseous 
extractive matter, to which it owes its peculiar taste and colour. It 
exudes like gum from various trees in hot climates, some of which 
have their leaves glazed by it. 

The next of the vegetable materials is/eeula ; this is the general 
name given to the fannaceous substance contained in all se<3s, and 
in some roots, as the potatoe, parsnip, kc> It is intended by nature 
for the first aliment of the young vegetable; but that of one parti- 
cular grain is become a favourite aiw most common food of a large 
part of mankind. 

Emily. You allude, I suppose, to bread, which is made of wheat 
flour? 

Jir». B. Tes. The fecula of wheat contains also another vege- 
table substance which seems peculiar to that seed, or at least has not 
as yet been obtained from any other. This is gltdeny which is of a 
4ticky« ropv, elastic nature ; and it is supnosed to be owing to the 
viscous qualities of this substance, that wbeat-flour forms a much 
better paste than any other. 

Emily. Gluten by your description, must be very like g^mf 

JVrs. B. In their sticky nature they certainly have some resem- 
blance ; but gluten is essentially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, you 
Imow, IS extremely soluble 

The oUt contained in vegetables all consist of hydrogen and car- 
bon in various proportions. They are of two kinds, ^red and vola- 
tUey both of which we formerly mentioned. Do you remember in 
what the difference between fixed and volatile oil consists ? 

Emily. If I recollect rightly, the former are decomposed by heat, 
whilst tne latter are merely volatilized by it. 

*It was the opinion of Huber, that the bees prepared the wax from 
honey and sugar. There is, however, found on the leaves of some 
plants a substance, havinr all the properties of wax ; and that bees- 
wax itself is not an animal substance, is clear from its analysis.- ^ 

J063. Of what does honey consist? ^ 

1084. What is Said of the wax of bees ? * 
1065. What is manna ? 

1086. What is the fecula ef vegetables ? 

1087. What is gluten? 

1088. How does gluten differ from gum ? 

1089. Of what do ve|etable oils consist? 
JOeo. What is the difcrence between fixed and volatile oik; 
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Mrs, B, Very well. Fixed oil is cbntained^only in the seeds of 

Sants, excepting^ in the olire, in which it is produced in, and ex- 
■essed from, the fruit. We have already observed that seeds con- 
tain also fecnla ; these tvro substances, united with a little mucilage, 
form the white substance contained in the seeds or kernels of plants^ 
and ia destined for the nourishment of the young plant, to which the 
seed gives birth. The milk of almonds, which is expressed from the 
seed of that name, is composed of these three substances. 

Emily. Pray of what nature is the linseed oil which ia used in 
painting ? 

Jlrs. B. It is a fixed oil, obtained from the seed of flax. Nut oil, 
which is frequently used for the same purpose, is expressed from 
walnuts. 

Olive oil is that which is best adapted to culinary purposes. ' 

Caroline, And what are the oils used for burning? 

Mrs, B, Animad oils most commonly; but the preference given 
to them is owin? to their being less expensive ; mr v^etable oils 
bnm equally well, and are more pleasant, as their smdlis not offen- 
sive. 

Emily, Since oil so good a combustible, what is the reason that 
lamps so frequently req^uire trimming? 

Mrs. B. This sometimes proceeds from the construction of the 
lamp, which may not be sufficiently favourable to a perfect combus- 
tion \ but there is certainly a defect in the nature of oil itself, which 
renders it necessary for the best constructed lamps to be occasion- 
ally trimmed. This defect arises from a portion of mucilage which 
it is extremely difficult to separate from #ie oil, and which being a 
bad combustible, gathers round the wick, and thus impedes its com- 
tiustion, and conse<}oently dims the light. 

Caroline. But will not oils burn without a wick f * 

Mrs. B. Not unless their temperature be elevated to five or six 
hundred deg^^'ees ; the wick answers this purpose, as I think I once 
before explained to you. The oil rises oetween the fibres of the, 
cotton by capillary attraction, and the heat of the burning wick 
volatilizes it, and brings it successively to the temperature at which 
it is combustible. 

Emily, I suppose the explanation which you bave^ given with re- 
gard to the necessity of tnmming lamps, applies also to candles, 
whieh so often require snuffing ? 

Mrs. B. I believe it does ; at least in some degree. But besides 
the circumstances just explained, the common sorts of oils are not 
very highly combustible, so that the heat produced by a candle, 
which is a coarse kind of animal oil, being insufficient to volatilize 
them completely,, a quantity of soot is gradually deposited on the 
wick, which dims the light, and retards the combustion. 

Caroline, Wax candles, then, contain no incombustible matter, 
since they do not require snuffing ? 

, I III _ . ^ I I I. _■ I 1^1 ■ I II 

1091. From what part of plants are fixed oils obtained .' 

1092. From what is linseed oil obtained ? 

1093. What oils are bestfi>r bnminfl^ ? 

1094. Since oil is a good combustible, what is the reason that 
lamps require so frequent trimming.' 

1095. What is the use of wicks in lamps? 

1096. Why do candles more than hmM require trimmiag.' 

21* 
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Mri. B. Wax is a irnicb better cemlwstible tban Ullow, bat eW 
not perfectly so, since it likewise contains some particles that are 
unfit for burninff ; but wben^tbcse gather round lly wick, (wb*ch fti 
a W2X. liffbt is comparatirely small,) they weigh it down on one side, 
and faflroff together with the burnt part of the wick. 

Caroline. As oUs are such good combusUbles, 1 wonder that they 
should require so great an deration of temperature before they be- 

^ JIfr*. B, Though fixed oils will not enter into actual combustion 
below the temperature of about four hundred degrees,* yet they 
will slowly absorb oxygen at the common temperature of the at- 
mosphere. Hence arises a variety of changes in oils which modify 
their properties and Uses in the arts. ., , . . , 

If oil pimply absorbs, and combines with oxygen, it thickens and 
changes to a kind of wax. This change is observed to take place 
on the external parts of certain vegetables, even during their life. 
But it happens in many instances that the oil does not retain all the 
oxygen which it attracts, but that part of it combines with, or bams, 
the hydrogen of the oil, thus forming a quantitv of water, which 
gradually goes off by evaporation. In this case the alteration of the 
oil consists not only in tibe addition of a certain quantitv of oxygen^ 
but in the diminution of the hydrogen. These oUs are distinguished 
by the name of drying cUs, Linseed, poppy, and nut oils, are of 

this description. ., x . » 

Emily, I am well acquainted with drying oils, as I continually 
use them in painting. Bat I do not understand why the acquisition 
of oxygen on one hand, a|j^ the loss of hydrogen on the other, should 
render them drying. 

Mrt. B. This, I conceive, may arise from two reasons ; either 
from the oxygen which is added being less favourable to the state of 
fluidity than the hydrogen, which is subtracted ; or from this addi- 
tional quantity of oxygen giving rise to new combinations, in con- 
sequence of which the roost fluid parts of the oil are liberated and 
volatilized. 

Fonthe purpose of painting, the drying quality of oil is further in- 
creased by adding a quantity of oxyd of lead to it, by which means 
it is more rapidly oxygenated. 

The rancidity of oils is likewise owing to their oxygenation. In 
this case a new order of attraction takes place, from which a pecu- 
liar acid is formed, called the sehadc acid^ 

Caroline, Since the nature and composition of oil is so well 
known, pray could not oil be actually madey by combining its prin- 
ciples P« 

* This statement is too low. • None of the fixed oils boil at a less 
temperature than 600 degrees, nor will they bum until converted 
into vapour ; consequently they cannot burn at a lower temperature 
than 600. —C. 



/1 097. Why are wax better .than tallow candles.^ 

1098. What elevation of temperature is necessary in order to 
bum oil.^ 

1099. What are the principal drying oils ? 

1 100. Why will the oxyd or lead mcrease thejdrying quality of oils : 

1101. To what is the rancidity of oil owing .^ 
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Jtfrf. B. Thftt is hf no means a necessary conseqnenoe ; fbr. there 
are innumerable varieties of compound bodies wnich.,we can de- 
> compose, although we are unable to reunite their ingredients. This, 
-'bowever, is not the case with oil, as it has very lately been discover- 
ed that it is possible to form oil, by a peculiar process, from the ac- 
tion of oxygenated muriatic acid gas on hydro-carbonate."' 

We now pass to the volatile or es$enUal oils* These form the ba- 
sis of all the vegetable perfumes, and are contained, more or less 
in every part of the plant excepting the seed ; they are, at least, ne- 
ver founa in that part of the seed which contains the embryo plant. 

Emily. The smell of flowers, then, proceeds from volatile oil ? 

Jkfr«. B. Certainly ; but this oil is often most abundant in the 
rind of fruits, as in oranges, lemons, &c. from which it may be ex- 
tracted by the slightest pressure ; it is found also in the leaves of 
plants, and even in the wood. 

Caroline, Is it not very plentiful in the leaves of mint, and of 
thyme, and all the sweet smelling herbs ? 

Jlfr#. B, Yes : remarkably so ; and in geranium leaves also, 
which have a much more powerful odour than the flowers. 

The .perfiimeof sandal fans is an instance of its existence in wood. 
In short,- aU vegetable odours or perfumes are produced by the 
evaporation of particles of these volatile oils. 

Emily. They are, I aupnose, very light, and of very thin consist- 
ence, since they are volatile ^ 

Jlfr«. B, They vary very much in this respect, some of them be- 
ing as thick a* butter, whilst others d¥e as fluid as water. In order 
to be prepared for perfumes, or essen^, these oils are first proper- 
ly purified, and then, either distilled i^ th spirit of wine, as is the 
case with lavender water, or sitnply mixed with a large proportion 
of water, as is often done with r^ard to peppermint. Fre<^uently, 
alao, these odoriferous waters are prepared merely by soakmg the 
plants in water, and distilling. The water then comes over im- 
pr^na^e^with the volatile oil. 

Ceiroline, Such waters are frequently used to take spots of grease 
out of cloth, or silk ; how do they produce that effect ? 

Mrs, B. By combining with the substance that forms these stains ; 
for volatile oils, and likewise the spirit in which thev are distilled will 
dissolve wax, tallow, spermaceti, and resins ; if, therefore, the spot 

* Hydro-carbonite, is also called olefiant on oil muring gas, on 
account of the supposed property here mentioned. But later ex- 
periments have shovn that tne substance it forms with chlorine, is 
not an oil, but a kind of elbpr, hence it is now known under the 
name o( chloric ether C 



1102. Is there any known method of making oil by combining 
its principles ? 

1103. What forms the basis of vegetable perfumes? 

11 04. In what part of the plant are the volatile or essential oils 
contained ? 

1105. From what proceeds the smell of flowers ? 

1106. How are volatile oils obtained ? 

J 107. Why will water mixed with vegetable oils assist in remov- 
ing SDpis of grease from cloth ? 
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proceeds from any of those sobstances, it will remove it. Insects 
of every kind have a g^reat aversion to perfumes, so that volatile oils 
are employed with success in rooseums for the preservation of stuifed 
birds and other species of animals. 

Caroline. Pray does not the powerful smell of camphor proceed 
from a volatile oil ? 

Mrs.B. Camphor seems to be a substance of its own kind, re> 
markable by many pecuJiarities. But if not exactly of the same 
nature as volatile oil. it is at least very analog^ous to it It is ob- 
tained chiefly from the camphor-tree, a species of laurel whicli 
g^rows in China, and in the Indian isles, from the stem and roots of 
which it is extracted.* Small quantities have also been distilled 
from thyme, sage and other aromatic plants ; and it is deposited in 
pretty larg^e quantities by some volatile oils after long standing*. It 
is extremely volatile and inflammable. It is insoluble in water, hnt 
is soluble in oils, in which state, as well as in its solid form, it is fie- 
quently applied to medicinal purposes. Amongst the particalat- 
properties of camphor, there is one too singular to be oassed oirer 
m silence. If you take a small piece of camphor, ana place it on 
the surface of a basin of pure water, it will immediately begin to 
move round and round with great rapidity ; but if von p4ur into the 
basin a single drou of any odoriferous fluid, it will instantly pat a 
stop to this motion. Tou can at any time trv so simple an experi- 
ment ; but you must not expect that I shall be able to account for 
the phenomenon, as nothing satisfactory has as y^t been advanoni 
for its explanation. 

Caroline. It is very sina^ar indeed ; and I will certainly make 
the experiment. Pray wbiPare retinSf which you just now men- 
tioned ? 

Jfrs, B. They are volatile oils, that have been acted on, and pe- 
culiarly modified, by oxygen. 

Caroline. They are, therefore, oxygenated volatile oils ? 

Jttrg. B Not exactly ; for the process does not appeaswto consist 
so much in the oxygenation of the oil, as in the combustion of a por- 
tion of its hydrogen, and a small portion of its carbon. For when re- 
sins are artificially made by the combination of volatile oils with ox- 
ygen, the vessel in which the process is performed is bedewed with 
water, and the air included within it is loaded with carbonic acid. 

Emily. 'I^his process must be, in some respects, similar to that 
for preparing diy ing oils ? 

jiirt. B. Tes; and it is by this operation that both of them acquire 
a great degr<^e of consistence. Pitch, tar, and turpentine, are the 
most common resins ; they exude from the pine and fir trees. Co- 

* Camphor comes chiefly from Japan. It is obtained by distilling 
the wood of the laurui camphora^ or camphor tree, with water, in 
large iron pots, with earthen caps stuflied with straw. The cam- 
phor sublimes and concretes upon the straw. — C 

1108. From what is camphor obtained ? 

1109. Is camphor contained in other plants ? 
lltO. What It the method of obtaining a ? 

1 1 U. What remarkable peculiarity hasi camphor ? 
1112. What are resins ? 
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pal» mastic and frankineense, are also of this class of resetable sub- 
stances. . 

Emiiu. U it of these resiqs tbat the mastic and copal varaisbes, 
so muob used in painting are made ^ ^ 

JUrs B. Yes. 1 Hs solved either in oil or in alcohol, resins form 
Farnisbes. From these solutions they may be precipitated by wa^ 
ter, in which they are insoluble. This I can easily show you. If 
you will pour some water into this glass of mastic varnish, it will 
combine with the alcohol in which the resin is dissolved, and the 
latter will be precipitated in the form of a white cloud. 

Emily, J t is so> And yet how is it that pictures or drawings, var< 
nished with this solution, may safely be washed with water ? 

J^rs. B, As the varnish dries, the alcohol evapoi^ates, and the 
dry varnish or resin which remains, .not being soluble in water, 
will not be acted on by it. • 

There is a class of compound resins, called ^um resins^ which 
are precisely what their name denotes, tbat is to say, resins, com- 
bined with mucilage. Myrrh and assafoetida are of this description. 

Carofine. Is it possible ibat a substance of so disagreeable a smell 
as assafoelida can be formed from a volatile oil ? 

Mrs. B. The odour of volatile oils is by no means always grateful. ' 
Onions and garlic derive their smell from volatile oils, as well as 
roses and lavender. 

There is still another form under which volatile oils present them- 
selves, which is that of 6a/«am«. These consist of resinous juices 
combined with a peculiar acid, called the benzoic acid. Balsams 
ap^ar to liave been originally volatile oils,'" the oxygenation of 
which has converted one part into a redn, and the other part into 
an acid which combined together, form a balsam ; such are the 
balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their various modifica-^ 
tions, and proceed to the next vegetable substance which is caoutch- 
ouc. This is a white, milky, glutinous fluid, which acquires consis- 
tence and blackens in drying, in which state it forms tne substance 
with which you are so well acquainted, under the name of gum-elas- 
tic 

Caroline. I am. surprised to hear that gum-elastic was ever white, 
or ever fluid ! And from what vegetable is it procured f • 

Mrs. B. It is obtained from two or three different species of trees 
in the £ast Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles from these incisions, and 
moulds of clay, iif the form of little bot|les of gum-elastic, are dipped 

* This is an erroneous idea. Balsams are original and peculiar ^ 
substances, and consist chiefly of resinous matter in a semifluid ' 
state. The benzoic acid is roost probably formed duriog the pro- 
cess by which it is obtained. — C. 

] i 13. What are the most common resins f 

1114. Of what are mastic and copal varnishes made ? 

1115. What will be the conseotiences if water be poured into a 
vessel containing mastic varnish r ^ 

1116. What are gnmrarins? 

1 1 17. What are balsams ? 

1118. From what is caoutchouc obtained^ 

J 119. What are its uses .' « 
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into it A layer of this jaioe adiMras to tbe olay and dries on it ; 
and several u^yers are successively added by repeattog this till th« 
bottle is of samcieBtthickness. tt is then oeaten to break down 
the clay whicb is eanlj shaken out. The natives of the countries 
where this substance is produced, sometimes make shoes and boots 
of it by a similar process, and they are said to be extremely pleasant 
and serviceable, both from their elasticity, and their beinj* water- 
proof. 

The substance which comes next in ou^ enumeration of the im- 
mediate ingredients of vegetables, is extractive matter. This is a. 
term whicb, in a general sense, may be apphed to any substance ex:- 
tracted from vegetables ; but it is more particularly understood to 
relate to the extractive coUmring matter of plants. A g^eat variety 
of colours are prepared from the vegetable kingdom, both for the 
purposes of painting and of dying ; all the colours called lake§ are 
of this description ; but ihey are less durable than mineral colours, 
for by long exposure to the atmosphere, they either darken or tarn 
yelJAw. 

Emily. 1 kno^ that' in painting, the lakes are reckoned far less 
durable colours than the ochres ; but what is the reason of it ? 

Mrt. B, The change which takes place in -vegetable colours is 
owing chiefly to the oxygen of the atmosphere slowly burning their 
hydrogen, and leaving, in some measure, the blackness of the car- 
bon exposed. Such change cannot take place in ochre, which is al- 
together a mineral substance. 

Vegetable colours have a stronger affinity for animal than for ve- 
getable substances ; and this is supposed to be owing to a small 
quantity of nitrogen^ whiclfthey contain. Thus, silk and worsted 
will take a much finer vegetable dye than linen and cotton. 

Caroline. Dying, then, is quite a chemical process ? 

JUre, B, Undoubtedly. The condition required to form a good 
dye is, that the colouring matter should be precipitated, or fixed, 
on the substance to be dyed, and should form a compound not solu- 
ble in the liquids to which it would probably be exposed. Thus, for 
instance, prmted or dyed linens or cottons roust ne able to resist 
the action of soap and water, to which they must necessarily be sub- 
ject in washing ; and woollens and silks should withstand the action 
of grease and acids, to which they may accidentally be exposed. 

Caroline. But if linen and cotton have not a sufficient affinity for 
colouring matter, how are they made to resist the action of washing, 
which they always do when they are well printed .' 

Mrs.B. When' the substance to be dyed has" either no affinity 
for the colouring matter, or not sufficient power to retain it, the com - 
bination is effected or strengthened, by the intervention of a third 
substance, called a mordant^ or basis. The mordant must hare a 

— 1 ; . — — : • 

1 120. What is the extractive matter of vegetables ? 

J 121 . What are the colours called prepared from vegetables ? 

1 122. To what is the change which takes place in vegetable col- 
ours owing ? 

1123. Why have vegetable colours a stronger affinity for animal 
than for vegetable substances ? 

1 124. What is necessary that vegetable colours be durable ? 

1 125. What are mordants and their uses ? 
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^(roDff affiajity Mb for fte cdmnriiii^ oaatter and the wManoe dyed, 
by which raeaD8 it causes them to combine and adhere together. 

Caroline^ And what are the substaoces that perform the office of 
thus recoociling the two adverse parties ? 

Mr*. B, The most common morckuit is sulphat of alumine, or 
alom, Oxydsoftinand iron in the state of compound salts, are 
likewise osed for that purpose. 

Tannin is another vegetable ingredient of great importance in the 
arts. It 18 obtained chiefly from the hark of trees; but it is found 
also in nut-galls, and in some other vegetables. 

Emily, Is that the substance commonly called ton. which is used 
m hot-houses ? 

Mrs. B. Tan, is the prepared bark in which the peculiar sub- 
stance, tannin is contained. But the use of tan in hot-houses is of 
much less importance than the operation of tannine, by which skiii 
IS converted into leather. 

.^mt/y. Pray how is this operation performed ? 

Mrs.B. Various methods are employed for this purpose, which 
all consist in exposing skin to the action of tannin, or of substances 
conteinmg this principle, in sufficient quantities, and disposed to 
yield U to the skin. . The most usual way is to infuse coarsely pow- 
dered oak bark in water, and to keep the skin immersed in &L in- 
fusion for a certain length of time. During this process, which is 
slow and gradual, the skin is found to have increased in weight and 
to have acquired a considerable tenacity and impermeability to wa- 
ter. This effect may be much accelerated by using ston? satura- 
tions of the tanning principle, (which can be extracted ivSm bark,1 
uutead of employing the bark itself. But this quick mode of pre- 
paration does not appear to make equally good leather 

Tannin is contained in a great variety of astringent regetable 
substances, asgalk, the wtree, and wine ; but it is no where so 
plentiful as in bark. All these substances yield it to water from 
which It may be precipitated by a solutitm of isinglass, or fflue. with 
which It strongly unites and forms an insoluble compound: Hence 
its raluable property of combining with skin (which consists chieflv 
of glue,) and of enabling it to resist the action of water. 

Emily. Might we not see that effect by pouring a little melted 
isiwlass into a glass of wine, which you say contains tannin ? 

Mr$i B. Yes. I have prepared a sblution of isinglass for that 
very purpose— Do you observe the thick, muddy precipitate ?-. 
That IS the tannin combined with the isinglass. •' '^ '' 

Caroline. This precipitate must then be of thesame nature as the 
leather r 

Mrs, B. It is composed of the same ingredients ; but the organi- 
zation and texture of the skin being wanting, it has neither the con- 
sistence nor the tenacity of leather. 



1 126. What substances are commonly used as mordants ^ 

1127. From what is tannin obtained r 

1128. What are ite uses f 

1129. What is the process of converting skins into leather, bv 
the use of tanning ? " . ^ » "J 

1130. Why does tanning cause skins on being •bimgiwi to leather 
tobeimTOrvioustowator? ^ ^*^ *«»uier, 

1131. How does a solution of isinglass in water differ fron leather? 
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Caroline. One mii^bt suppose fStat men who drink larre qaaiiU^ 
ties of red wine, ttaira a chance of having; the coats of their stom* 
acbs converted into leather, since tannin has so strong an affinity 
for ikin. 

JIfrt. B. It is not impossible but that the coats of their stomachs 
may be, in some measure, tanned or hardened bv the constant ose 
of this liquor; but yon must remember that where a number of 
other chemical agents are concerned, and abore all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentioning a recent dis- 
covery of Mr. Hatchett, which relates to it. This gentleman found 
that a substance very similar to tannin, possessing ail its leading 
properties, and actually capable of tanning leather, may be produ- 
ced by exposing carbon, or an^ substance containing'carbonaceoos 
matter, whether vegetable, animal, or mineral, t6 the action of ni- 
tric acid.*' 

Caroline* And is not this discovery very likely to be of use to 
manufactures f 

JUrs. B. That is very doubtful, because tannin, thus artificially 
prepared, must probably always be more expennve than that which 
is obtained from bai;|f. But the fact is extremely curious, as it af- 
fords one of those very rare instances of chemistry being able to im* 
itate the proximate principles of organized bodies. 

The last of the vegetable materials is vfoodyjibre-'it is the hard- 
est part of pliints. The chief source from which this substance is 
derivol is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the part to which it 
belongs and retains its shape after all the other materials have dis- 
appeared. It consists chiefly of carbon united with a small portion 
of salts, and the other constituents common to all vegetables. 

Emily. It is of woody fibre then, thatthe common charcoal is 
made ? 

Mrs, B. Yes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all itsevaporable parts. • 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have oecasion to mention. I believe I formerly 
told yon that their basis or radical, was uniformly composed of hy- 
drogen and carbon, and that their difference consisted onlyin the 
various proportions of oi|p^gen which they contained. 

'*' To make artificial tannin, Mr. Hatchett used 100 grains of char- 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then suffered to digest for two days ; 
more acid was then added, and the digestion continued untirthe 
oharcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its taste 
is bitter aiid highly astringent. — C. 
' — — ■ — ■ • — I .... _- 

1 132. What discovery was made by Mr. Hatchett ? 

1 133. How did he prepare arHfieial tenntn ? 

1134. What is woodj fibre ? 

11 35. Of what does it chiefly consist ? 

1136. From what is charcoal made ^ 
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The followtn j^ are the Dames of the regetaUe acids : 

The Jtfticottf add ohtained from pun or mucilage ; 

Suberic - from cork ; 

Camphoric - from camphor ; 

Benzoic - from balsams ; 

Gallic ' from gaOls, bark, &c. 

Malic ' from ripe fruits ; 

Citric - from lemon juice ; 

Oxalic - from sorrel ; 

Succinic • from amber; 

Tartarout - from tartrit of potash ; 

Acetic - from vinegar. 

They are all decomposable by heat, soluble in water, and turn re- 
g-etable Mue colours red. The succinic^ the tartarout^ and the ace- 
taut acidsy are the productions of the decomposition of vegetables, 
yre shall, therefore, reserve their exammation for a future period. 

The oxalic addy distilled from sorrel, is the highest term of Vege- 
table acidification ; for, if more oxygen be added tcyt, it loaes its 
vegetable nature, and is resolved mto carbonic acid and water.; 
therefore, though all the other acids ma^ be converted into the ox* 
alic bv an addition of oxygen, the oxalic itself is not susceptible of 
a furtoer degree of oxygenation ; nor can it be made by any che- 
mical processes,, to return to a state of lower a«idification.* 

To Conclude this subject, I have only to add a few words on the 
gallic add. 

Caroline, Is not this the same acid before mentioned, which forms 
ink, by precipitating sulphat of iron from its solution ? 

jiirs. 13. Yes. Though it is usually extracted from galls, on ac- 
count of its being most abundant in that vegetable substance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called the astringent principle of vegetables; it is generally 
combined with tannin, and you will find that an infusion of tea, coh 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitfllte with a solution 
of sulphat of iron. 

Caroline. But pray what are galls ? 

J)irM. B. They are excrescences which grow on the bark of young 

* Oxalic acid may be formed artificially. Put one ounce of white 
su^ar, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown colour, add three ounces more of nitric 
acid. Continue the boiling until the fumes cease, and the colour of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cooling, white slender crystals will be formed. These 
are oxalic acid. — C. 



1137. What are the names of the vegetable acids ? 




1 141. What acid is called the astringent principle of vegetables ? 
114S. From wliat is it usually extracted? 
1 143. What are the galls that yield this acid ? 

22 
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oaks, and are ocoa stoned hr an ioioct wbiGh wounds the bark of 
trees, and lays its eggs io toe aperture. The lacerated vessels of 
the tree then discharge their cootebts, and form an excresence, 
which affords a defeosive covering for these eggs. The insect, when 
come to life, first feeds on this excresence, and sometime afterwards 
eats its way out, as it appears from a hole which is formed in all 
gall-nuts that no longer contain an insect. It is in hot climates 
only that strongly astringent gall nuts are found ; those whic^ are 
used for the purpose of making ink are brought from Aleppo. 

Enuly. But are not the oak apples which grow on the leaves of 
the oak in this country of a similar nature ? 

Mrs. B, Yes; only they are an inferior species of galls, contain- 
ing less of the astringent principle, and therefore less applicable to 
useful purposes. 

Caroline. Are the vegetable acids never found but io their pure 
uncomhined state ? ^ 

Jifrs. B. • By no means ; on the contrary, they are frequently met 
with in the state of compound salts ; these, however, are in general 
not folly saturated with the salifiable bases, so that the acid predo- 
minates ; and, in this state, they are called aciduhut salts. Of this 
kind is the salt called cream of tartar. 

Caroline. Is not the salt of lemon commonly used to take out ink- 
spots and stains, of this nature ? 

Mr$, B. No ; that salt consists of the oxalic acid, combined with 
a little potash. It is found in that state in sorrel. 

Caroline, And jpray how does it take out ink-spots ? 

JIfrs. B, By uniting with the iron, and rendering it soluble in 
vater^ 

Besides the vegetable materials which we have enumerated, a va- 
iiety of other surotances, common to the three kingdoms, are found 
in vegetables, such as potash, which was formerly supposed to be- 
long exclusively to plants, and was, in consequence, called the ve- 
getable alkali. 

Sulphur, phosphorus, earths, and a variety of metallic oxyds, are 
also found in vegetables, but only in small quantities. And wk meet 
sometimes with neutral salts, formed by the combinations of these 
ingredients. 



CONVERSATION XXL 

ON THE DECOMPOSITION OF VE6ETABLE& 

Carbine, The account which you have given ns, Mrs. B. , of the 
materials of vegetables, is, doubtless, very instructive; 'but it does 

I14|. In what climates are strongly astringent gall-nuts found? 
. 1 145. Are the vegetable acids never founo^but in their port un- 
combined state ? ^v r 

1146. How does the oxalic acid remove ink-spots? 

1147. What substances common to the three kinsidomt ai« foond 
in vegetables? 
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not completeljT satisfy my curiosity. I wish to know how plsuts ob- 
tain the principles from which their rariotts materials are formed ; 
by what means these are converted into reg^etable matter, and how 
they are connected with the life of the plant. 

iHra, B, This implies nothinQ^ less than a complete history of the 
chemistry and phjsiolog'y of yegetation, snbjeets on which we hare 
yet but very imperfect notions. Still I hope that 1 shaU be able, in 
some measure, to satisfy your curiosity. Bat, in order to render the 
subject more intelligible, I must first make you acquainted with the 
various chang^es which vegcetables undergo, when the vital power 
no longer enables them to resist the common laws of chemical at* 
traction. 

The composition of vegetables being more complicated than that 
of minerals, the former more readily undergo chemical changes than 
the latter : for the greater the variety of attractions, the more easily 
is the eauilibrium destroyed, and a new order of combinations in- 
troduced. 

Emily, I am surprised that vegetables should be so easily suscep- 
tible of decomposition ; for the preservation of the yegetable king- 
dom is certainly &r more important than that of minerals. 

Mrs, B, You must consider, on the other hand, how much more 
easily the former is renewed than the latter. The decomposition of 
the yegetable takes place only after the death of the plant, which, 
in the common course of nature, happens when it has yielded fruit 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it would 
become an useless burden to the earth and its inhabitants. When 
yegetables, therefore, cease to be productive, they cease to liye, 
and nature then be^ns her process of decomposition, in order to 
resolve them into their chemical constituents, hydrogen, carbon^ 
and oxygen ; those simple and primitiye ingredients, which she 
keeps in store for all her combinations.' 

Emily, But since no system of combination can be destroyed ex- 
cept by the establishment of another drder of attractions, how can 
the decomposition of yegetables reduce them to their simple ele- 
ments ? 

Mrs, B, It is a very long process, during which a variety of new 
combinations are successively established, and successively destroy- 
ed ; but, in each of these changes, the ingredients of yegetable 
matter tend to unite in a more simple order of compounds, till 
they are at length brought to their elementary state, or. at least, to 
their most simple order of combinations. Thus you will find that 
vegetables are in the end almost entirely reduced to water andoar- 
boaic acid ; the hydrogen and carbon dividing the oxygen between 
them so as to form with it these two substances. But the yariety of 
iotermc'liate combinations that take place during the aeyeral stages 

1148. Why do yegetables more readily undergo chemical chan- 
ges than minerals ? ^ 

1 149. tVhen do yegetables become decomposed ? 

1 150. Into what are vegetables reduced by decbmposition ? 

151. Since no system of combination can be destroyed, except 
by the establishment of another order of attractions, how can the de- 
composition of yegetables reduce them to their simple elements ? 
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of the deoompontka of regetMety proteot us with a new set of 
componndt, well worthy of our examinatioii. 

Caroline. How is it poKible that yeg^etables, while putrefying-, 
should produce aoy thing worthy of obsenratioii ? 

Mn, B. They are susceptible of undergoing certain change be- 
fore they arriye at the state of putrefaction, which is the final term 
of decomposition ; and of these changes we avail ourselves for par- 
ticular and important purposes. But, in order to make you under- 
stand this subject, which is of considerable importance, I must ex- 
plain it more in detail. 

The decomposition of vegetables is always attended bv a violent 
internal motion, produced by the disunion of one order of particles, 
and the combination of ano&er. This is called fs&mentatiob-. 
There are several periods at which this process stops, so that a stale 
of rest appears to be restored, and the new order of compounds fairly 
established. But, unless means be used to secure these new com- 
binations in their actual state, their duration will be but transient, 
and a new fermentation will take^ place, by which the compound 
last ibrmed will be destroyed ; and another, and less complex, will 
succeed. 

Emily., The fermentations, then, appear to be only the successive 
steps by which a vegetable descends to its final dissolution. 
Jlfr«. B. Precisely so. Your definition is perfectly correct. 
Caroline* And how many fermentations, or new arrangements, 
does a vegetable undergo blefore it is reduced to its simple ingre* 
dients i 

J\irs, B* Chemists do not exactly agree in this point ; but there 
are, I think, four distinct fermentations, or periods, at which the 
decomposition of vegetable matter stops and changes its course. 
But every kind of vegetable matter is not equally susceptible of un- 
dergoing all these fermentations. 

There are likewise several circumstances required to produce 
fermentation. Water, and a certam degree of heat are botn essen- 
tial to this process, in wder to separate the particles, and thus weak- 
en their force of cohesion, that the new chemical affinities maj be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Mrs. B. it certainly cannot-; and, accordingly, we find scarcely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such .spots 
would be covered with vegetables ; for since they cannot be decom- 
posed, their number must always increase. 

Mrs. B. But, my dear, heat and water are quite as essential to 
the formation of vegetables, as thev are to their decomposition. Be- 
sides, it is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No young pkat, therefore, can grow, unless its predecessors, contri- 
bute both to its formation and support ; and these not only furnish 

1162« What is the process called, that disunites and decomposes 
the elements of vegetables ? 
1153. What are the fermentations ? 
1 164. How many kinds of fermentation are there ? 
1155. What ii necessary to produce fermentation ^ 
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Ihe seed from which the new plant springs, but likewise the food by 
which it is Doorisbed. 

Caroline. Under the torrid zone, therefore, where water is never 
frozen, and the heat is yery great; both the processes of vegetation 
and of fermentation must, I suppose, be extremely rapid P 

J^rs. B. Not so much as you imagine ; for in such climates great 
part of the water which is required ror these processed is in an aeri- 
form state, which is scarcely more conducive either to the growth 
or formation of vegetables than that of ice. In those latitudes, there- 
fore, it is only in low, damp situations, sheltered by woods from the 
sun's rays, that the smaller tribes of vegetablestsan grow and thrive 
during the dry season, as dead vegetables seldom retain water 
enough to produce fermentation, but are, on the contrary, soon dried 
up by the heat of the sun, which enables them to resist that process ; 
so that it is not till the fall of the autumnal rains (which are very vio- 
ient in such climates,) that spontaneous fermentation can take place. 

Xhe several fermentations derive their names from their principal 
products. The first is called the tacckarine fermentation^ because 
Its products is sugar, 

Caroline, But sugar, you have told us, is found in all vegetables ; 
it cannot, therefore, be the product of their decomposiiion 

Mre, B* It is true that this fermentation is not confined to the 
decomposition of vegetables, as it continually takes place during ^ 
their life; and, indeed, this circumstance has till lately prevented it 
from being considered as one of the fermentations, and the forma- 
tion of sugar, whether in living or dead vegetable matter, is so 
evidently a new compound, proceeding from the destruction of the 
previous order of combinations, and essential to the subseouent fer- 
mentations, that it is now, 1 believe, generally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual 
commencement of that process. 

CaroUne, I recollect your hinting to us that sugar was supposed 
not to be secreted from the sap, in the same manner as mucilage, 
feeula, oil, and the other ingredients of vegetables. 

JUn. B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at particular penods, as 
you may observe in fruits, which become sweet in ripening, some- 
times.even after they ha^e been ^gathered. Iliife therefore is not es- 
sential to the formation of surar, whilst, on the contrary, mucilage, 
fecula, and the other vegetable materials that are secreted from the 
sap by appropriate organs, whose powers immediately depend on 
the yitai principle, cannot be produced but during the existence of 
that principle. 

EwUly. The ripening of fmits is then their first step to destnic* 
tion as well as their last towards perfection ? 

Mrs, B, Exactly. A process analagons to the saccharine fer- 

1157. What in the torrid zone prevents the processes of vegeta- 
tion and fermentation from being rapid? 




Why was not sugar formely 

1161. Why it it at present considered a fermentatiaii? 

1 162. From what parts of vegetables is sugar formed ? 

t2* 
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meBtatioii tsJoes place also during tbe cookiDg of oerUia vegeta- 
bles. This is the case with parsnips, carrots, potatoes, &c#, in 
which Bireetness is developed by heat and moisture ; and we know 
that if we carry the process a little farther, a more complete decom- 
position would ensue. The same process takes place abo in seeds 
previous to their sprouting. 

Caroline, How do you reconcile this to your theory, Mrs. B. ? 
Can you suppose that decomposition is the necessary precursor of 
life ? 

Mr8,B. That is indeed the case. Tbematerialsofthe seed must 
be decomposed,and the seed disoi^ganized, before a plant can sprout 
from it. Seeds, besides the embryo plant, contain (as we have al- 
ready observed) fecula, oil, and a little mucilage. These substan- 
ces are destined for the nourishment of the future plant ; but they 
undergo some change before they can be fit for this function. The 
seeds, when buried in the earth, with a certain degpree of moisture 
and (k temperature, absorb water, which dilates them, separates 
their particles, and introduces a new order of attractions, oi which 
sugar is tbe product. The substance of the seed is thus softened, 
sweetened, and. con verted into a sort of white, milky pulp, fit for 
the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making nuUt, by the following process : — A quantity 
of barlev is first soaked in water for two or three days : the water 
being afterwards drained off, the g^ain heats spoptaneously, swells, 
bursts, sweetens, shows a disposition to germinate, and actually 
sprouts to the length of an inch, when tbe process is stopped by put- 
ting it into a kiln, where it is well dried at a gentle heat. In this 
state it is crisp and friable, and constitutes the substance called 
maU, which is the principal ingredient of beer. 

Emily. But I hope you will tell us how malt is made into beer ? 

Jlfr«. JB. Certainly ; but 1 must first explain to you the nature 
of the second fermentation, which is essential to that operation. 
This is called the vinous fermentation^ because its product is wine. 

Emily, How very different tbe .decomposition of vegetables is 
Orom what 1 bad imagined ! The products of their disorganization 
appear almost superior to those which they yield during their state 
of life and perfection. 

Mrs, B. And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether she 
destroys, directs all her operations to some useful and benevolent 
purpose ? — It appears that the saccharine fennentation is extremely 
favourable, if not absolutely essential, as a prey ious step,ito the vinous 
fermentation; so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 

1 163. What process analagous to saccharine fermentation takes 
place dtiriug tbe cookmg of certain vegetables ? 

1 1 64. How would you describe this fermentation in seeds prior 
to germination ? • 

1 165. How is saccharine fermentation e^ibited in the making of 
malt ? 

1 166. Why is the second fermentation called vinous ? 

1167. Why does barley resist the vinous fennentatioa until it has 
gone through the saccharine i 
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fore the vinous fermentatioa can take place. This is the case with 
barley, which does not yield any saggar uotil it is made into malt : and 
it is in that state only that it is susceptible of anderg^oing the vinous 
fermentation by which it is converted into beer. 

Caroline. But if the product of the vinous fermentation is always 
wine, beer cannot have undergone that process, for beer is certain- 
ly not wine. 

J\ir9. B. Chemically speaking, beer may be considered as the 
wine of ^rain. For it is the prcduct of the fermentation of malt, 
just as wine is that of the fermentation of grapes, or other fruits. 

The consequence of the vinous fermentation is the decomposition 
of the saccharine matter, and the formation of a spiritous liquor from 
the constituents of the sugar. But in order to promote this ferment- 
ation, not only water and a certain degree of heat are necessary, but 
some other vegetable ingredients, besides the sugar, as fecu]a,muci 
lage, acids, sadts, extractive matter, &c. all of which seem to con- 
tribute to this process, and give to the liquor its peculiar taste. 

Emily. It is, perhaps, for this reason, that wine is not obtained from 
the fermentation of pure sugar ; but that fruits are chosen for that 
purpose, as they contain not only sugar, but likewise the other ve- 
getable ingredients which promote the vinous fermentation, and 
give the peculiar flavour. 

, Jlfrfl. B, Certainly ■ And you must observe, also that the relative 
quantity of sugar is not theonly circumstance to be considered in the 
choice of vegetable juices for the formation of wine ; otherwise the 
sugar-cane would be best adapted for that purpose. It is rather the 
manner and proportion in which the sugar is mixed with other vege- 
table ingredients that influences the production and qualities of wine. 
And it is found that the juice of the grape not only yields the roost 
considerable proportion of wine, but that it likewise affords it of the 
most grateful flavour. 

Emily. I hare seen a vintage in Switzerland, and I do not re- 
collect that heat was applied, or water added, to produce the fer- 
mentation of the grapes 

AJrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is sufficiently warm 
for this purpose ; and as the juice contains an ample supply of water, 
there is no occasion for any addition of it. But when fermentation is 
produced in dry malt, a quantity of water must necessarily be added. 
• Emily. But what are precisely the changes that happen during 
the vinous fermentation ? 

J^rs. B. The sugar is decomposed, and its constituents are re- 
combined into two new substances : the one a peculiar liquid sub- 
stance, called alcohol or spirit ofwifUy which remains in the fluid ; 
the other, carbonic acid gas, which escapes during the fermentation. 
Wine, therefore, as I before observed, in a general point of view, 
may be considered as a liquid, of which alcohol constitutes the essen- 

1 168. What is the consequence of the vinous fermentation ? 

1 1 69. What is necessary to produce this fermentation ? 

1 1 70. Why are grapes chosen for wine instead of pure sugar ? 

1171. What is to be coosidered in the choice of vegetable juices 
for the formation of wine ? 

1 172. What are the changes that happen during the vinous fer- 
mentation.' 
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tial part ' And the variety of streng^th and flavour of the differe&t 
kinds of wine, are to be attributed to the different qaalities of the 
fruits, from whicb thej are obtained, independently of the sugar. 

Caroline. I am astonished to bear that so powerful a liquid as spir- 
it of wine should be obtained from so mild a substance as sug^r. 

JSrs. B. Can you tell me in what the prinoipal difference consists 
between alcohol and surar? 

. Caroline. Let me reflect ;— Sug^r consists of carbon, hydrogfeD, 
and oxygen. If carbonic acid he subtracted from it, during the for- 
mation of alcohol, the latter will contain less carbon and oxygen 
than sugar does ; therefore hydrogen must be the prevailing prin- 
ciple of alcohol. 

Jlfrt. B. It IS exactly so. And this yerr lare^ proportion of hy- 
drogen acconnts for the lightness and combostible property of zlco- 
hoi, and of spirits in general, all of which consist of alcohol vari- 
ously modified. 

Emily. And can sugar be recompoaed firom the combination of 
alcohol and carbonic acid ? 

Mrs. B. Chemists have never been able to succeed in effecting 
this; but from analogy 1 should suppose such a recomposition possi- 
ble. Let us now observe more particularly, the phenomena that 
take place during the vinous fermentation. At the commencemont 
of this process, l^t is evolved, and the liquor swells considermblv 
from the formation of the carbonic acid, which is disengaged in such 
prodigious quantities as would be fatal to any person wIk) should una- 
wares inspire it '; an accident which has sometimes happened. If the 
fermentation be stopped by putting the liquor into barrels, before 
the whole of the carbonic acid is evolved the wine is brisk, like 
Champagne, from the carbonic acid imprisoned in it, and it tastes 
sweet, like cider, from the sugar not being completely decomposed. 

Emily. But I do not understand why heat should be evolved du- 
ring this operation. For, as there is a considerable tbrmation of gas 
in whicb a proportionable quantity of beat must become insensible, 
I should have imagined that cold, rather than heat, would have 
been produced. 

J^rt. B, It appears so on first consideration 4 but you must recol- 
lect that fermentation is a complicated chemical process ; and that, 
•during the decompositions and recompositioos attending it,a quanti- 
ty of chemical heat may be disengaged, sufficient both to develope 
the gas, and to effect an increase of temperature. When the fer- 
mentation is completed, the liquid cools and subsides, the efferves- 
cence ceases, and the thick, sweet, sticky mice of the fniit, is con- 
verted into a clear, transparent, spiritous liquor, csdled wine. 

Emily. How much I regret not haviog been acquainted with 
the nature of the vinous fermentation, when I had an opportunity 
of seeing the process. 

Jtfirs. B. You have an easy method of satisfying yourself in that 

1 1 73. W hat IS the principal difference between sugar and alcohol? 

1 174. Can sugar be recomposed by the combination of alcohol 
and carbonic acid ? 

1 175. What takes place at the commencement of the vinous fer- 
fnentation ? 

1 i?S' Why is Champagne wine so brisk ? 

1177. What process is analgous to the making of wine ? 
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respect by obserriDg^ the process of brewinjg^, which in every essen- 
tial circamstance, is similar to that of making^ wine, and is really a 
very curious chemical operation. 

AithoDgh we cannot actually make wine at this moment, it will be 
easy to show you the mode of analyzing it. This is done by distil- 
lation. When wine of any kind is submitted to this operation, it is 
found to contain brandy, water, tartar, extractive colouring matter 
and some vegetable acids. I have put a little Port wine into this 



alembic of glass, & 
on placing the lamp 
under it, you will 
soon see the spkit 
and water succes- 
sively come over — 

Emily, But you 
do not mention al- 
cohol amongst the 
products of toe dis- 
tillation of wine; 
and yet that is its 
most essential in- 
gredient. 

Mrs.B, The al- 
cohol is contained 
in the brandy which 
is now coming over 
and dropping from 
the still. Brandy is 
nothing more than 
a mixture of alcohol 
and water ; and in 
order to obtain the 
alcohol pure, we 
must again distil it 
from brandy. 



(Fig. 34 ) 




A. Alembic.— B. Lamp. — C. Wine. 



Caroline. I have just taken a drop on my finger ; it tastes like 
strong brandy, butil is without colour, whilst brandy is of a deep 
yellow. 

Mrs. B. It is not so naturally ; in its pure state, brandy is colour- 
less, and it obtains the yellow tint you observe, by extracting the 
colouring matter from the new oaken casks in which it is kept. But 
if it does not acquire the usual tinge in this way. it is the custom to 
colour the brandy used in this country artificially with a little burnt 
sugar, in order to give it the appearance of having been long kept. 

Caroline* And is rum also distilled from wine ? 

Mrs. B. By no means ; it is distilled from the sugar cane, a plant 
which contains so great a quantity of sugar, that it yields more al- 
cohol than almost any other v<^getable. After the juice of the cane 
has been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, and this watery solution of su- 
gfar is fermented, and produces rum. 

1 178. When wine is distilled what is the product f 

1179. What is brandy.? 

] 180. From what does brandy obtain its colouring ? 
1181. From what and how is rum distilled ? 
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The spiritons liquor called arack is in a similar manner distilled 
from the product of the vinous fermentation of rice. 

Emily, But rice has no sweetness ; does it contain any sugar ? 

Jlfrf. B. Like barley, and most other seeds, it is insipid UDttI it 
has undergone the saccharine fermentation ; and this, you raust re- 
collect, is always a previous step to the vinous fermentation io those 
vegetables in which sog^ is not already formed. Brandy may, in 
the same manner, be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the malt must 
have previously undergone the vinous fermentation. 

Mri» B, Beer is not precisely the product of the vinous ferment- 
ation of malt. For hops are a necessary ingredient for the forma- 
tion of that liq nor: whilst brandy is distilled from pure fermented 
malt. But brandy might, no doubt, be distilled from beer, as well 
as from any other liquor that has undergone the vinous fermenta- 
tion ; for since the basis of brandy is alcohol, it may be obtained 
from any liquid that contains that spiritous substance. 

Emily, And pray, from what vegetable is the favourite spirit of 
the lower orders of the people, gin, extracted ? 

Mrt. B, The spirit (which is the same in all fermented liquors] 
may be obtained from any kind of grain ; but the peculiar flavour 
which distinguishes gin is that of juniper berries, which are distilled 
together with the grain. 

I think tlie brandy contained in the wine which we are distilling, 
must, by this time, be all come over. Yes — taste the liquid that is 
now dropping from the alembic. 

Caroline, It is perfectly insipid, like water. 

Jkfrt. B. It is water, which as I was telling you, is the second 
product of wine, and comes over after all the spirit, which is the 
lightest part, is distilled. The tartar, and extractive colouriogmat- 
ter we shall find in a solid form at the bottom of the alembic. 

Emily, They look very like the lees of wine. 

Jtfr«. B, And in many respects, thev are of a similar nature, for 
lees of wine consist chiefly of tartrit of potash ; a salt which exists 
in the juice oC the grape, and in many other vegetables, and is de- 
veloped only by the vinous fermentation. During this operation it 
is precipitated, and deposits itself on the internal surfac^ of the 
cask in which the wine is contained. It js much used in medicine, 
an I in various arts, particularly dying, under the name of crenm of 
tartavy and it is from this salt that the tartarous acid is obtained-. 

Caroline. But the medicinal cfeam of tartar is in appearance, 
quite different from these dark coloured dregs; it is perfectly col- 
ourless. 

J\iri, B, Because it consists of the pure salts only, in its crrstal- 
ized form ; whilst in the instance before us, it is mixed with the 
deep coloured extractive matter, and other foreign ingredients, 

Emily, Pray cannot wb now obtain pure alcohol from the bran- 
dy which we have distilled ? 

Mn. B, We might; but the process would be tedious ; for in or- 
der to obtain alcohol perfectly free from water, it is necessary to 
distil, or, as the distillers call it, rectify it several times. You must 

-■■ ^ ■ ■■ ■ I ■■■■■■■, ^ ,..■-■ 1 .1 ■ , _ „ ■— ■■ ■ - . ■ I III -•'"■■ ^ 

1182. From what and how is gin distilled ? 
] 183. What is the origin of cream of tartar f 
liS4. From what may alcohol be obtained? 
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therefore, aUow me to prodace a bottle of alcohol tbat has been thus 
parified. This is a very important ingredient, which has many 
striking properties, besides its forming the basis of all spiritous li- 
quors. 

Emily. It is alcohol I suppose that produces intoxication ? 
^ Mr». B, Certainly ; but the stimulus and momentary energy it 
l^ires to the system, and the intoxication it occasions whentdien 
io excess, are circumstances not yet accounted for. 

Caroline. I thought that it produced these effects by increasing 
the rapidity of the circulation of the blood ; for drinking wine or 
spirits, I have heard always quickens the pulse. 

Jtfrs. B. No doubt; the spirit by stimulating the nerves increas- 
es the action of the muscles ; ana the heart, which is one of the 
strongest muscular organ8,beats with augmented vigor, and propels 
the blood with accelerated quickness. After such a strong excitation 
the frame naturally suffers a proportional degree of depression, so 
that estate of debility and languor, is tlie invariable consequence of 
intoxication. But though these circumstances are well ascertain- 
ed, they are far from explaining why alcohol should produce such 
effects. 

Emih/, Liqueurs are the only kind of spirits which I think pleas- 
ant. Fray, of what do they consist ? 

J^rs. B. They are composed of alcohol, sweetened with syrup 
and flavoured with volatile oil. 

The different kinds of odoriferous spiritous waters are likewise 
solutions of volatile oil in alcohol, as lavender water, eaude Co- 
logne, &c 

The chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agents, and is particularly 
useful in dissolving a variety of substances, which are soluble nei- 
ther by water nor heat. 

Emily. We have seen it dissolve copal and mastic to form var- 
nishes ; and these resins are certainly not soluble in water, since 
water precipitates them from their solution in alcohol. 

JSn, B, I am happy to find that you recollect these circumstan- 
ces so well. The same experiment affords also an instance of an- 
other property of alcohol,'-its tendency to unite with water; for the 
resin is precipitated in consequence of losing the alcohol, which 
abandons it from its preference for water. U is attended also, as 
you may recollect, with the same peculiar circumstance of a disen- 
gagement of heat, and consequent diminution of bulk, which we 
have supposed to be produced by a mechanical penetration of parti- 
cles, by which latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
but with oils and balsams ; these compounds form the extensive 
class of elixirs, tinctures, quintessences, kc. 
Emitii> I suppose that alcohol must be h^phly combustible, since 
contains so lai^ a proportion of hydrogen. 

1186. What is the istoxieating principle in spiritous hquors ? 
] 186. How does it produce this effect ? 

1187. What are tM different kiiids of odoriferous spiritous wa' 
terif 

1 1 88. What are some of the most peculiar uses of alcohol f 

1 189. Why are brandy and ether tpiritmis liquors so combusti- 
blef 
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Jlfr«. B. Extremely so ; and it will barn at a rery moderate tern* 
perature. 

Caroline, 1 have often seen both brandy and spirit of wine burnt : 
tbey produce a g^eatdeal of flame, but not a proportional quantity 
of lieat, and no smoke wba tever. 

Jdn, B, The last circumstance arises from their combustion be- 
in^ complete; and the disproportion between the flame and beat 
shows you that these are by no means synonymous. 

The ^reat quantity of flame proc^ds from the combustion of tbe 
hydrogen, to which you know that manner of burning' is peculiar. 
— Have you not remarked also, that brandy and alcohol will burn 
without a ivick? — They take flre at so low a temperature, that this 
assistance is not required to concentrate the heat and volatalize the 
fluid. 

Caroline* I have sometimes seen brandy burnt by merely heat- 
ing it in a spoon. 

Jira. B. The rapidity of the combustion of alcohol, may, howev- 
er be prodigiously increased by first volatilizing it. An mgenious 
instrument has been constructed on this principle to answer the 
purpose of a blow-pipe, which may be used for melting glass, or oth- 
er chemical purposes. It consists of a small metallic vessel (fig.35] 



Fig. 35. 

Alcohol Blowpipe 




of a spherical shape, 
which contains tbe al- 
cohol, and is heated by 
the lamp beneath it ; as 
soon-as the alcohol is vo- 
latilized, it passes thro^ 
the spout of the vessel, 
and issues just above 
the wick of the lamp 
which immediately sets 
fire to the stream of va- 
pour, as I shall show 
you.* 

Emily. With what 
amazing violence it 
bums ! The flame of 
alcohol, in the state of i>. 1 1.. 
vapour, is, I fancy ,[''^T^' ' , 
much hotted than whe>^^*"'^*'**^"«^'*«^^ 
the spirit is merely burnt in a spoon. 

i Jlfr^. B. Fes ; because in this way the combustion goes on much 
quicker, and, of course, the heat is proportionally increased.^— Ob- 

* A spirit lamp, which answers very well for bending small glass 
tubes, may be constructed by almost any one. Take a low vial 
with a wide mouth, fit a cork to it, and pierce the cork to admit a 
piece of glass tube, the bore of which is about the size of a large 

1190. Why is no irtnoke produced when brandy or spirit of wine 
is burnt .' 

1 191. Why will brandy and alcohol bum without a wick ?. 

1192. How would you describe the experiment represented in 
fig. 36? 

1193. How would yon describe the spirit lamp .^ 



— i.. The retMl in which the' Alcohol i» boil- 
■aietjr ,alre.'-<3. The inlane<i jet or sU*n «f *^^^ 
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i^Twe its effect on this small riass tube, the middle of which I prc^ 
sent to the extremity of the flame, vrhere the heat is greatest* 

Caroline. The g^lass, in that spot, is become red hot, and bends 
from its own weight* 

J^rg, B. I have now drawn it asunder, and am going to blow a 
hall at one of the heated ends : but I must previously close it up and 
flatten it with this little metallic instrument, otherwise the breath 
TTOold pass through the tube without dilating any part of it. — Now 
Caroline, will you blow strongly into the tobe whilst the closed end 
is red hot ? 

Emily . Tou blow too hard ; for the ball suddenly dilated to a 
great size, and then burst into pieces. 

Jtf r«. B. Yon will be more expert another time ; but I must cau- 
tion you, should you ever use this blow-pipe, to be very careful that 
the combustion of tbe alcohol does not go on with too great violence, 
for I have seen tbe flame sometimes dart out with such force as to 
reach the opposite wall of the room, and set the paint on fire. There 
is, however, no danger of the vessel bursting, as it is provided with 
a safety tube, which affords an additional vent for the vapour of al- 
cohol when required. 

The products of the combustion of alcohol consist in a great pro- 
portion of water, and a small quantity of carbonic acid. There is 
no smoke or fixed remains whatever* — ^How do you account for 
that, Emily? 

Emily. I suppose that the oxygen which the alcohol absorbs in 
burning, converts its hydrogen into water, and its carbon into car- 
bonic acid gas, and thus it is completely consumed. 

Jlfr#. B. Very well.— £lA«r, the lightest of all fluids, and with 
which you are well acquainted, is obtained from alcohol, of which 
it forms the lightest and most volatile part. 

Emily. Ether, then, is to alcohol, what alcohol is to brandy. 
Jfrs. B. No ; there is an essential difference. In order to ob- 
tain alcohol from brandy, you need only deprive the latter of its 
water; but for the formation of ether, the alcohol must be decom- 
posed, and one of its constituents partly subtracted. I leave you to 
guess which of them it is. 

Emily. It cannot be hydrogen, as ether is more rolatile than al- 
cohol, and hydrogen is the lightest of all its ingredients : nor do I 
suppose that it can be oxygen, as alcohol contains so small a propor- 
tion of that principle ; it is, therefore, most probably, carbon, a di- 
minution of which would not fail to render the new compound more 
volatile* 

JSrt, B. Tou are perfectly right The formation of ether con- 
sists simply in subtracting from the alcohol a certain proportion uf 
carbon ; this is effected by the action of the sulphuric, nitnc, or mu- 

goosequiil. Let the tube rise an inch or two above the cork-- 
pass some cotton wick through the tube—then fill the vial with al- 
cohol, and put the cork and tube In their places. The lamp is then 
Tcadyl— C. * 

] 1 94. What is the composition of alcohol? 

1195. From what is ether obtained? 

1 196. How does it differ from alcohol ? 

1197. In what does the formation of ether coiisist ? 

23 
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rfiftie lidMb, M'riciQiMil. ThetMsidaiioaftoa venainattbeboir 
torn Of te vesad, wWint ^^le decarbonifled alcohol flies off in tlie 
Ibrm of tk oondemable f«po«r, which is ether. 

Ether is the most inflammable of all fluids, and boms at so low a 
'temperttture ttuit &e heat evolTod during its comboslion is more 
iSian is required for its support^ so that a quantity of ether is Folati- 
lized, which takes fire, and f^radnally increases the violence of the 
'combustion. 

"Sir Humphrey Dary has latelv discovered a very singular &ct re- 
specting the vapour of ether, if a few drops of ether be poured in- 
^o a wine-glass, and a fine platina wire, heated almost to redness, be 
held suspended in the glasft, close to the surface of the ether, the 
wire soon becomes intensely red hot, and remains so for any length 
of time. We may easily try the experiment. 

Caroline. How very curious I The wire is almost white hot, and 
apnngent smell rises from ffae glass. Pray how is this accounted 
for? 

Jlfrt, B, This is owin^ to a very peculiar property of the Tapour 
of ether, and indeed of many of her combustible gaseous bodies. At 
a certain temperature lower than that of ignition, these vapours un- 
dergo a slow and imperfect combustion, which does not give rise, 
^ any sensible degree, to the phenomena of hgbt and flame, and 
yet extricates a quantity of caloric sufficient to re-act upon the 
wire, and make it red hot and the wire in its torn keeps up the ef- 
ihct as long as the emission of vapour continues. 

This singular effect, whioh is also produced by the alcohol, may 
be renderra more striking, and kept up for an indefinite length of 
time^ by rolling a few coils of platina wire^of the diameter of from 
'^bout'l-60th to l-70th of an inch, round tie wick of a spirit-lamp. 
If this lamp be lighted for a moment, and blown out again, the wire, 
after ceasing for an instant to be luminous, becomes red hot again, 
though the lamp is extiniguished, and remains glowing vividly, till 
the wholes of the spirit contained in the hunp has been evaporated 
and' consumed in this peculiar manner. 

Caroline. This is extremely curious. But why should not ao 
iron or silver wire produce the same effect ? 

Mrs, B. Because either iron or silver, being much better con- 
^udtors of heat than platina, the heat is carried off too fast by those 
'inetals to allow the accumulation of caloric necessary to produce 
the effSdCt in question. 

Ether is so light that it evaporates at the common temperature of 
the atmosphere ; it is therefore necessary to keep it confined by a 
•well groundglass Uopper. Nodegree or cold known has ever fro- 
zen it::* 
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_ ;* Ether freezes, and shoots into crystals, at 46© below the zero 
TsfPahreiheit.-^. 
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IMW. -What is the most inflammaUeof all bodies ? 

1199. What singular fact has Sir H. Davy lately discovered «e- 
specting^tiie vapour of ether f 

1200. How may this effect be rendered more striking ? 

1201. Why would not an iron or silver wire produce the same 

1202. At what^degree of cold'will ether freeze.^ 
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Camline. Is it not often taken nedioiBBlfy I 

Mrs. B. Yes ; it is one of tbe most effiBctoaliantiftpainiodio; medi^ 
cines, and the quickness of its effects, as auob, probably de|>«»ds on 
its being iostantly converted into vapour by the beat of the stomaeh, 
throQgfh the intervention of wbicb it acts on the nervoa« system. 
But tbe frequent use of ether, Hke thai ef spiritons iiqners, becomes 
prejudicial, and, if taken to excess, it piodnoea effisols similar to 
those of intoxication. 

We may now take our leave of the vinona fermentation, of whi^fa, 
I hope, yon have acquired a clear idea; as well as of tbe seveval 
p rodncts that are derived' from it. 

Caroline^ Though this process appears, al first sight, so mnch 
complicated, it may, I think, be summed up i» a few Words, as it con- 
sists in the conversion oPsu^r and fermentable bodies into «^obri 
and carbonic acid, which gives rise both to the formation of winfi, 
and of all kinds of spiritous liquor*. 

Mm. B. We shall now proceed to the oeeloiit ^«rmen<a<ioii, 
Which is thus called, because it converts wine into vinegar, bj the 
formation of the acetous acid, which is the basis or radionl of vinegaf. 

CaroHne. But is not the acidifying principle of tbe acetone aoid 
tbe same as that of all other acids, oxygen ? 

Mrs, B. Certainly : and on that aecoont the contact of air is ea* 
sential to this fermentation, as it aflbrdsthe necessary supply of ox- 
ygen. Vinegar, in order te obtain pure acetons add from it, must 
be distilled and rectified by certain processes. 

Emily. But pray, Mrs. B., is not tiie acetous acid fre<]^iiently 
formed without this fermentation taking place ? Is it not, for in- 
stance;, contained in acid fruits, and in every sobttance that be- 
comes 80or ? 

Jtfr*. B. No, not in fruits ; you confound it with the citric, the 
malic, the oxalic, and other vegetable aeids, to which living vegeta- 
bles owe their acidity. But whenever a vegetable substance turns 
soar, after it has eeued to live, the acetous acid is devefeped by 
means of the acetous fermentatioB,,in which the substance advances 
a step towards its final decomposition. 

Amongst the various instances of aceteos fermentation that of 
bread is usually classed. 

Caroline, But the fermeBtation of bread is nrodnood by yeast; 
how does that effect it ? 

Jlfr«. B. It is found by experience that any substance that has 
already undergone a fermentation, will readily excite it in one that is 
susceptible of that process. If, for instance, you mix a little vine- 
gar withVine, that is intended to be acidified, it will absorb oxyaen 
more rapidly, and the process be completed much sooner, than ifleft 
to ferment spontaneously. Thus yeast, which is a prodnct of the 
fermentation of beer, is used to excite and ac o elemto Uie fkrmODta- 

1203. How may the process of the vinous fermontatioa be ex- 
pressed in a few words r 
1904. Why is the thiidfementation called acetotti? 

1205. Why is the contact of air neceamry to prodnoe the aoetoua 
fermention ? 

1206. What is the reason that winOt or cider»vbenQOfkoAUgbt 
does not turn to vinmr i 

1907. How Is the fermentation of bread prodooed by je^it .^ 
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lion of malt, which is to be oonrerted ioto beer, as well as that of 
paste, which is to be made into bread. 

CaroOne, Bat if bread undergoes the acetoas fermentation, why 
is it not sour ? 

Mn. B» It acquires a certain saTOur which corrects the heayj 
insipidity of flour, and may be reckoned a first degree of acidifica- 
tioD ; or if the process were carried forther, the bread would become 
decidedly acid. 

There are, howerer, some chemists who do not consider the fer- 
mentation of bread as being of the acetous kind, but suppose, that it 
is a process of fermentation peculiar to that substance. 

The putrid fermentaUan is the final operation of Pn ature and her 
last step towards reducing organized bodies to their simplest coaibi- 
nations. All Te^tables spontaneously udderg^ this fermentation 
after death, provided there be a sufficient degree of heat and mois- 
ture, together with access of air ; for it is well known that dead 
plants may be preserved by drying, or by the total exclusion of air. 

Caroline. But do dead plants underro the other fermentations 
previous to this last ; or do they immediately suffer the putrid fer-. 
mentation ? 

JUrs, B. That depends on a variety of circumstances, such as the 
degrees of temperature and of moisture, the nature of the plant itself, 
&c. But if yoB were carefully to follow and examine the decompo- 
sition of plants from their death to their final dissolution, you would 
generally find a sweetness developed in the seeds, and a spiritous fla- 
vour in the fruits f which have undergone the saccharine fermenta- 
tion,) previous to tne total disorganization and separation of the parts. 

Emily, I have sometimes remarked a kind of spiritoas taste in 
fruits tbat were over- ripe, especially oranges, and this was just be- 
fore they became rotten. 

Jtfrf . B. It was then the vinous fermentation, which had succeed- 
ed the saccharine, and had you followed up these changes atteative- 
ly, you would probably have found the spiritous taste followed by 
acidity, previous to the fruit passing to the state of putrefaction. 

Wfclen the leaves fall from the trees in the autumn, thev do not (if 
there is no i^reat moisture in the atmosphere] immediately undergo 
a decomposition, but are first dried and withered ; as soon, however, 
as the ram sets in, fermentation commences, their gaseous products 
are imperceptible evolved into the atmosphere, and their fixed re- 
mains mixed with their kindred earth. 

Wood, when exposed to moisture, also undergoes the putrid fer- 
mentatiob, and becomes rotten. 

Emily. But I have heard that the dry rot, which is so liable to 

destroy the beams of houses, is prevented by a current of air ; and 

yet you said that the air was essential to the putrid fermentatioo ? 

Mrs, B. True ; but it must not be in such a proportion to the 

moisture as to dissolve the latter, and this is generally the case when 



1^08. Why then is it not sour P 

1309. What is the final fermentation in reducing organized bodies 
to their simplest combinations ? 

1210. What is mentioned of oranges, and other over-ripe fruit, as 
illustrating the above princip les of fermentation ? 

121 1. What is said of the fermentation of leaves? 

1212. How may the dry rot be prevented ? 
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the rotting of wood is prarented or stopped by the free access of air. 
What is commooly called dry rot, howerer, is not, I belioTe, a true 
process of putrefaction. It is supposed to depend on a pecnliso' kiod 
of reg^tation, which, by feeding on the wood, gradually destroys 
it. 

Straw and all other kinds of Tegetable matter undergo the putrid 
fermentation more rapidly when mixed with.animal matter. Much 
heat is evolved during this process, and a variety of volatile products 
are disengaged, as carbonic acid and hydrogen gas, the latter of 
which is frequently either sulphurated or phosphorated. When all 
these gases have bsen evolved, the fixed products, consisting of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, which makes very fine manure, s^s it is composed of those de- 
ments which form the immediate materials of plants. 

Caroline. Pray are not vegetables sometimes preserved from de- 
composition by petrifaction ? 1 have seen very curious specimens of 
petnfied vefretables, in which state they perfectly preserve their form 
and organisation, thou|^h in appearance they are changed to stone. 

Mrs, B. That is a kmd of metamorphosis^ which, now that you 
are tolerablv well versed in the history of mineral and vegetable 
substances, 1 leave fo your judgment to explain. Do you imagine 
that vegetables can be converted into stone f 

Emily. No, certainly ; but they might, perhaps, be changed to a 
substance in appearance resembling stone. 

JUra B. It is not so, however with the substances that are called 
fietrifie'i vegetables ; for these are really stone, and generally of the 
hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the ve- 
getable IS destroyed, its place is supplied by a particle of siliceous 
earth, conveyed thither by the water. In the course of time the 
vegetable is entirely destroyed, but the silex has completely re- 
placed it, having assumed its form and apparent texture, as if the 
vegetable itself were changed to stone. 

CaroHne, That is very curious ! and I suppose that petrified ani- 
mal flubfttances are of the same nature.^ 

Jtfr« B' Precisely It is equally impossible for either animal or 
vegetable substaoc^ to be converted into stone. They may be re- 
duced, as we find they are, by decomposition, to their constituent 
elements, but cannot be changed to elements which do npt enter 
into their composition. 

* Petrifiictions are of two kinds, viz. HHeeous, when flinty parti- 
cles take the place of the original substance, and calcareou*^ where 
the substance appears to be changed to lime-stone. The first kind 
gives fire with steel, and the other dfervesces with acids. — C. 

12 1 3. On what is the dry rot supposed to depend ? 
1314. Why will animal matter, mixed with straw and other vege- 
table substances, hasten fermentation ? 
121& What are vegetable petrifactions f 

1216. How are v^^table petrifoctions formed ? 

1217. How many kindi ofpelri/actionM are iknref 

1218. WhaiareiheycaUidyandwhaiantheirpvpertiet? 

23* 
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icrnlsr SBd fiaad deoompoMtioB df vegetaMeft^ as for iMtance, when 
tlM« am teried either in tbeaaa^orHi tiie earth, where Chej canoot 
vB<terg« the fwlnd feitnentatioo for want of atr. la these cases 
they are subject to a peculiar change, by which they are conrerted 
iatto a new ciass of oompounds, caUed bUumens, 
Cwrolim. These are substances I never heard of before. 
JUrt. B. If on wUl foid^ hoW€T«r, that seme of them ai« very ta- 
■nliaap loyou BitmneBs are regetafatesae for decomposed as to re- 
«Mi no organic appearance ; bat (Mr origin is easily detected by 
(heir oily nainve, their combnstibitity. the prodocts of their analy- 
sis, and the iia^prassion of the forms of leares, grains, fibres of wood, 
and eren of animaia,. which thejr frequently bear. 

They are sometimes of anoity, liquid consistence, as the sob- 
stance called naptfia^* in which we preserved potassium ; it is a fine 
Irsnsparent, ookrarle^fiuid, that issues out of clays in some parts of 
Persia. B«t more freonently bitumens are solid, as am>haliym a 
smooth, hard, brmle substance, which easily aaetts, and faraa^ in ita 
liquid state, a beautiful dark braWn colour for oil fieinting. « Jei^ 
wnich is of a stiU harder texture^ is a peculiar bitumen, susceptible 
«f so fine a pohsh, that His used for many ornamental purposes 

Coal is also -i bituminons substance, to the composition ofwhicA 
both the mineral and animid kin^foms seem to concur. Tttis most 
useful mineral appears to consist chicAy of vegetable matter, mixed 
with the remains of marine animals and marine salts, and occasion- 
aJly contamiog a quantity, of snlphunt of iron, commonly called 
Pforites. 

£iiit^. It is, I suppose, the earthy, the metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their 
cembustioo ; whilst the hydro^a and carbon, which they derive 
firom vegetables, constitute their volatile products. 

Caroline, Pray is Tiot coke^ (which I have heard is much used in 
some taapnfactures,) also a bituminous substance ? 

Jffri. id* No ; it is a kind of fuel artificiallx prepared from coals. 
It consists of coals reduced to a substance analagous to charcoal, by 
the evaporation of their bituminous parts. Coke, therefore, iscom^ 
posed of carbon, with some earthy and saline ingredients. 

Suecin^ or yellow amber, is a bitumen which the ancients called 
electrum, from whence the word electricity is derived, as that sub- 
stance is peculiarly, and was once supposed to be exclusively, elec- 
tric. It is found either deeply buried in the boweh of the earth, or 

* Naptha appears to be the onl;^ fluid in which oxyeen does not 
exist ; hence its property of preserving potassium which has so atrai^ 
an affinity for oxygen as to absorb it from all other fluids. It how- 
ever loses this iMx>perty by exposure to the atmosphere, probably 
because it absorbs a small ^^nantity of air, or moisture. It-ia again 
restored bv distillation.—^. 



1219. Whatarebitumens, and hew are they formed? 
1220 What is asphaltinfr.^ 

1221. Whatisjet? 

1222. WhatisoMlf 

1223. fiew d«Mn coke diffisr from «0al ? 
IftM. What is yellow amber? 
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flofttiog on the sea, and is tappoied to be a rataovs bodf which has 
been acted on by sulpha ric acid, as its analysis shows it to consist 
of an oil and an acid* The oil is called oii of tanber : the acid the 
MiccinMC, 

Emily. That oil I have sometimes used in painting, as it is reck- 
oned to change less than the other kinds of oil. 

•/tfr<. B, The last class of vegerable substances that hare chan- 
ged their nature ^refonU-wood, peat, and tnrf. These are pom- 
posed of wood and roots of shrubs, that are partly decomposed by 
being exposed to the moisture under p^round, and yet in some mea- 
sure, preserye their form and organic appearance. The peat, or 
black earth of the moors, retains bui few Testiges of the roots to 
which it owes its richness and combusiihiliiy, these subslaoces be- 
ing in the course of time reduced to ihe state of vegetable earth.— 
Bat in tuff the roots of plants are stilltisceroib^e, and it equally an- 
swers the purpose of fuel It is the combnstible used by the poorin 
headiy countries, which supply it abundantlv . 

It is too late this morning m enter upoo the history of yegetation. 
We shaH resenre this subject, therefore, to our next interriew, 
when 1 expect that it will femisfa us with ample matter for another 
conrersation. 



CONVERSATION XXII. 
HISTORY OP VEGETATION. 

J^rt, B. The vegetable kingdom may be considered as the link 
which unites the mineral and animal crentoD into one common 
chain of beings ; for it is throagfa the meansof vegeiaton alone that 
mineral substances are introduced into the animal system ; since, 
generally speaking, it isfroro vegetables that all animals ultimate- 
ly derive their sustenance. 

Caroline. 1 do not understand that ; the human species subsists 
as much on animal as on vegetable food. 

JUn, B That is true ; but you do not consider that those that 
lire on animal food, derive their sustenance equally, though not so 
immediately, from vegetables. The meat which we eat is formed 
from the herbs of the neld, and the prey of carnivorous animals pro- 
ceeds, either directly or indirectly from the same source. It is, 
therefore, through tni«> channel, that the simple elements become a 
part of the animal frame. We should in vain attempt to derive 
nourishment from carbon, hydrogen, and oxygen, either in their 
separate state or combined in the mineral kingdom ; for it is only by 

1225. Where is it found ? 

1226. What are fosM^ood, peat, and turf? 

1227. Why does vfUk preserve potassium ? 

1228. What is coosiderea as uniting the mineral and animal cre- 
ation ? 

1229. From whence do all animals derive their sustenance ? 

1230. In what state are carbon, hydrogen, and oxygen capable 
jsf affording nourishment ? 
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being united in the form of vegetable combination that they be- 
oome capable of conveying noorishmept 

Emily Vegetation, then, seems to be the method which Nature 
employs to prepare the food of animals ? 

Jifn, B. That is certainly its principal object. The veg-etable 
creation does not exhibit more wisdom in that admirable system of 
organization, by which it is enabled to answer its own immediate 
ends of preservation, nutrition and propa|;ation, than in .its grand 
and ultimate object of forming those arrangements and combina- 
tions of principles, which are so well adapted for the nourishment of 
animals. 

Mmi/y But I am very curious to know whence vegetables obtain 
those principles which form their immediate materials ? 

Mrg» B. This is a point on which we are yet so much in (be dark 
that i cannot hope fully to sa Asfy your curiosity ; but what little I 
know on this subject I shall endeavour to explain to you. 

The soil which at first view, appears to be the element of vegeta- 
bles, is found on a closer investigation^, to be little more than the 
channel through which they receive their nourishment ; so that it 
is very possible to rear plants without any eartbor soil.* 

* The opinion that water is the only food of plants, was adopted 
by the learned on this subject in the 1 7th century ; and many ez.- 
periments were made which seemed to prove that this was the 
truth. Among others was a fiimousone by Van Helmout, which 
for a long time was supposed to have established the point beyond 
all doubt. He planted a willow which weighed five pounds, m an 
earthen vessel containing ^200 lbs. of dried earth. This vessel was 
sunk into the ground, and the tree was watered, sometimes with 
distilled, and sometimes with rain water 

At the end of five years the willow weighed 169 lbs. : and on 
weighing tlie soil, dried as before, it was found to have lost only two 
ounces. Thus the willow bad gained 164 lbs., and yet its food had 
been only water. The induction from thii» experiment was obvious. 
Plants live on pure water. This, therefore, was the general opin- 
ion until the progress of chemistry detected its fallacy. Bergman, 
in 1763, showed by som^ experiments, that the water which Van 
Helmout had used, contained as much earth as could exist in the 
tree at the end of the five years ; a pound of water contained about 
a grain of earth So that this experiment by no means proved 
that the willow lived on water alone. Since this time a great 
rarietv of experiments have been made for' the purpose of deciding 
what was the food of plants. In the course of these it has been 
found, that although seeds do vegetate in pure distilled water, yet 
the plant is weakly and finally dies before the fruit is matured. 

It is pretty certain, then,that earth is absolutely necessary to the 
growth of plants, and that a part of their food is taken from the soil. 
Indeed, the well l^nown fact, that a soil is worn ou< by a long succes- 

1331. Do vegetables receive their chief aliment from the soil in 
which they grow } 

1232. What experiment woM made hy Helmout to oiceriamihe 
nowriehmtnt of v^etablee ? 

1233. What wll be the condiUonofplante in pure water 9n^? 
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Caroline. Of that we hare an instance in the byacinth and other 
bulbous roots, which ^ill g^row and blossom beaatifully in glasses of 
water. Bat I confess I should think it would be difficult to rear 
trees in a similar manner. % 

•Mrs.B, No doubt it would, as it is the burying of the roots in 
the earth that supports the stem of the tree. But this office, besides 
that of affording- a Tehicle for food, is far the most important part 
which the earthy portion of the soil performs in the process or ve- 
getation ; for we can discoyer, by anal \ sis, but ao extremely small 
proportion of earth in vegetable compounds 

Caroline, But if earths do not afford nourishment, why is it ne- 
cessary to be so attentive to the preparation of the soil ? 

Jlrt. B. In order to impart to it those qualities which render it 
a proper vehicle for the food of the plant. Water is the chief nour- 
ishment of vegetables ; if, therefore the soil be too- sandy, it will not 
retain a quantity of water sufficient to supply the roots of the plants. 
If, on the contrary, it abounds too much with clay, the water will 
lodge in such ouantitics as to threaten a decomposition of the roots. 
Calcareous soils are, upon the whole, the most favourable to the 
g-rowth of plantd : soils are, therefore, usually improved by chalk, 
which you may recollect, is carbonat of lime. Different vegetables 
however, require different kinds of soils. Thqs, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ; wheat, a firm and 
rich soil. Forest trees grow better in fine sand, than in a stiff clay ; 
and a light ferruginous soil is best suited to fruit trees. 

Caroline. But pray what is the use of manuring the soil ? 

Jlfr* B. Manure consists of all kinds of substances whether of 
vegetable or animal origin, which have undergone the putrid fer- 

siott of crops, and finally becomes steril unless manured, is gv>od 
proof that plants do absorb something from it. 

Saussure has shown that this is the fact, and also that the earth, 
which is always found in plauts« is of the same kind, as that on 
which they grow. Thus ^rees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
contain little silica, but a great proportion of calcareous earth. 

In addition to what plants 'absorb from the ground, there is no 
doubt but they obtain apart of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barley ,&:c. 
contain a quantity of earth though fed only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon they 
retain, which forms the greatest part of their bulk. The oxygen is 
emitted, and goes to purify the atmosphere. 

Thus it is seen that plants obtain their food from tlie earth, from 
water, and from the air. — C. 

1234. What facte did Saueaure discover relating to this subject ? 

1 235. Whence do plants derive their food ? 

1236. If earths do not afford nourishment, why is it necessary to 
be so particular in enriching the soil ? 

1237. What is the nourishment of vegetables .' 

1238. What is the consequence to vegetables if the soil is too 
sandy ? 

1239. What if it abounds too much with clay ? 
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mentation, and are consequeatly decomposed^ or nearly so, iQto 
their elementary principles. And it is requisite that these veg^eta- 
ble matters should be in a state of decay, or approaching decompo- 
sition. The additjpn of calcareous earth, in the state of chalk or 
lime, is beneficial to such soils, as it accelerates the dissolution of 
vegetable bodies. Now 1 ask yon. what is the otiUty of supplying 
the soil with these decomposed substances ? 

Caroline. It is, I suppose, in order to furnish vegetables with the 
principles which enter into their composition. For manures not 
only contaio carbon, hydrogen and oxygen, but by their decompo- 
sition supply the soil with these principles iu their elementary form.^ 

JiSrt. B. Undoubtedly; and it is for this reason that the finest 
crops are produced in fields that were formerly covered with woods, 
because their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles. 

Emily. This accounts for the plentifulness of the crops produced 
in America, where the country was, but a few years since, covered 
with wood. 

Caroline. But bow is it that animal substances are reckoned to 
produce the best manure ? Does it not appear much more natural 
that the decomposed elements of vegetables should be the most ap- 
propriate to the formation of new vegetables^ 

jdrs. B. The addition of a much greater proportion of nitrogen, 
which constitutes i he chief difference between animal and vegeta- 
ble matter, renders the composition of (he former more complicated 
and consequently more favourable to decomposition. 

Indeed the use of animal substances is chiefly' to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter in- 
to the composition of manures. The manure of a farm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manure. 
The heat produced by the fermentation of manure is another cir- 
cumstance which is extremely favourable to vegetation ; yet this 
heat would be too great if the manure was laid on the gronnd dur- 
ing the height of fermentation ; it is usedin this state only for hot- 
beds to produce melons cucumbers, and such vegetables as require 
a very high temperature. 

Caroline, A difficulty has just occurred to me which I do not 
know how to remove. Since all organized bodies are, in the com- 
mon course of nature, ultimately reduced to their elementary state, 
they most necessarily in that state enrich the soil, and afford food 
for vegetation. How is it, then, that agriculture, which cannot in- 
crease the quantity of those elements that are required to manure 
the earth, can increase its produce so wonderfully, as is found to be 
the case in all cultivated countries .' 



* But what is the use of all this, if " water is the chief neurish- 
ment of vegetables ?" — C. 



1240. What is the use of decomposed substances as is found in 
manure ? 

1241. Why are the best crops produced on new laudator where 
they were recently covered with wood ? 

1242. Why do aniipal substances make the best manure ? 
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Mtt, B» It is by gnftering^ none of these decaying^ bodies to be 
dispersed and wasted, but in applying them duly to the soil. It is 
also by a judicious preparation Of the soil, which consists in fitting 
it ei&er for the general purposes of vegetation, or for that of the 
particular seed wfich is to be sown. Thus, if the soil be too wet, it 
may be drained ; if too loose and sandy, it may be rendered more 
consistent tind retentive of water by the addition of clay or loam ; 
it may be enriched by chalk, or any kind of calcareous earth. On 
soils thus improved, manures will act with double efficacy; and if 
attei^tion be paid to spread them on the ground at a proper season 
of the year, to mix them with the soil, so that they may be general- 
ly diffused .through it, to destroy the weeds which might appropri- 
ate these nultritive principles to their own use, to remove the stones 
which would impede the growth of the plant, &c., we may obtain a 
produce an hundred fold more abundant than the earth would 
spontaneously supply. 

Emily, We Have a very striking instance of this in the scanty 
profiuce of uncultivated commons, compared to the rich crops of 
meadows which are occasionally manured 

Cktrolim. But, Mrs. B., though experience daily proves the ad- 
vantages of cultivation J here is still a difficulty which 1 cannot get 
.over. ' A certain quantity of elementary principles exist in nature, 
which it is not in the power of man either to augment or diminish. 
Of these principles you have taught us that both the animal and 
TCgetable creation are composed. Now the more of them is taken 
up by the vegetable kingdom, the less, it would seem will remain 
for animals ; and therefore, the more populous the earth becomes, 
the less it will produce. 

Jikrs B, Tour reasoning is very plausible ; but experience ev- 
ery where contradicts the inference you would draw from it ; since 
we find that the animal and vegetable kingdoms, instead of thriving 
as you would suppose, at each other's expense, always increase 
and multiply together. For you should recollect that animals can 
derive the elements of which they are formed only through the me- 
dium of vegetables. And you must allow that your conclusion 
would be valid only if every particle of the several principles that 
could possibly be spared from other purposes were employed in 
the animal and vegetable creations. Now we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for such purposes, remains either in an elementary state, or 
engaged in a less useful mode of combination in the mineral king- 
dom. Possessed of such immense resources as the atmosphere and 
the waters afford us, for oxygen, hydrogen and carbon, so far from 
being m danger of working up all our simple materials, we cannot 
suppose that we shall ever bring agriculture to such a degfree of per- 
fection as to require the whole of wliat tht'se resources coord supply. 

Kature, however,in thus furnishing us with an inexhaustible stock 

1943. How is it tbat agriculture, which cannot increase the 
quantity of those elements that are required to manure the«ftrth,80 
greatly increases its vegetable products ? 

1244. Of what are tl^ vegetable and* animal creation composed ? 

1345. What objection is made to the principle stated for -the in- 
crease of vegetable productions .' 

1246. How is this objectioa answered ? 
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of raw materiah, leaves it in some measure to tbe ing^eouity of maft 
to appropriate them to his oira purposes. But, like a kind parent 
she stimulates him to exertion, by setting the example, and point- 
ing out the way. For it is on tbe operations of nature that all tbe 
improvements of art are founded. Tbe art of agriculture consists, 
therefore, in discovering the readiest method of obtaining tbe seve- 
ral principles, either from their g^nd sources, air and water, or 
from tbe decomposition of organized bodies ; and in appropriating 
them in tbe best manner to the purposes of vegetation. 

Emily. But, among tbe sources of nutritive principles, I am sur- 
prised that you do not mention the eartb itself, as it contains abun- 
dance of coals, which are chiefly composed of carbon. 

.Afrf. B. Though coals abound in carbon, they carnnot on ac- 
count of their badness and impermeable texture, be immediately 
subser?ient to tbe purposes of vegetation ; and, we find, on the coc- 
trary, that coal districts are gfenerally barren. 

Emily, No ; but by their combustion, carbonici acid is produced ; 
and this entering into various combinations on the surface of tbe 
earth, may, perhaps, assist in promoting vegetation. 

Mr», B. Probably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
source can be but very trifling, and must entirely depend on local 
circumstances. 

Caroline. Perhaps the smoky atmosphere of London is the cause 
of vegetation being so forward and so rich in its vicinity ? 

Mrs. B, I rather believe that this circumstance proceeds from the 
verv' ample supply of manure, assisted, perhaps, by the warmth and 
shelter, which the town affords. Far from attnbutinganygoodtothc 
smoky atmosphere of London, I confess I like to anticipate the time 
when we shall have made such progress in the art of managing com- 
bustion, that every particle of carbon will be consumed, and the 
smoke destroyed at the moment of its production. We may then 
expect to have the satisfaction of seeing the atmosphere of London 
as clear as that of the country. But to return to our sudject : I hope 
that yon are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in applying them to the best advantage 
by improving the art of agriculture, no limits can be assigned te 
the fruits that weanay expect to r^ap from our labotfrs. 

Caroline. Tes : 1 am perfectly satisfied in that respect, and I can 
assure you, that I feel alreadv much more interested m the progress 
and improvement of agricufure. 

EmUy. I have frequently thought that the culture of the land was 
not considered as a concern of sufficient importance^ Manufactaies 
always take the lead ; and health and innocence are frequently sa- 
crificed to tbe prospect of a more profitable employment It has 
often grieved me to see the poor manufacturers crowded together in 

1247. In what does the art of agriculture consist ? 

1248. Why cannot coals be immediately subservient to the pur- 
poses of vegetation ? 

1249. Is there any occasion to apprehend a deficiency of nutritive 
elements to fertilize the earth ? 

1250. What ebjection is made to manufactureB f 
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close rooms, iMidGODfined for the whole day to the most uniform and 
sedentary employmeat, instead of beings engaged in that innocent 
and salutary kind of labour, which Nature seems to have assigned 
' to roan for the immediate acquirement of comfort, and for the pre- 
servation of bis existence. 1 am sure that you agree vrith me in 
thinking so, Mrs. B. 

JUirs, B. I am entirely of your opinion, my dear, in regard to the 
importance of agriculture ; but as the conveniences' of life, which 
we are ail enjoying, are not derived merely from the soil, I am far 
from wishing to depreciate manufactures. Besides, as the labour of 
one man is sufficient to produce food for several, those whose indus- 
try is not required in tillage must do something in return for the food 
that is provided for them. They exchange, consequently, the ac- 
oommodations for the necessaries of life. Thus the carpenter and 
the weaver lode^ add clothe the peasant, who supplies them with 
their daily bread. The greater stock of provisions, therefore, which 
the husbandman produces, the greater is tbe quantity of accommo- 
dation which the artificer prepares. Such are the happy effects 
which naturally result from civilized society. It would oe wiser, 
therefore, to endeavour to improve the situation of those who are 
engaged in manufactures, than to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of agriculture ; 
we have prepared the soil, it remains for us noir to sow the seed. — 
In this operation we must be careful not to bury it too deep in the 
ground, as the access of air is absolutely necessary to its germina- 
tion ; the earth must, therefore, lie loose and light over it, in order 
that the air may penetrate. Hence the use of ploughine^ and dig- 
ging, harrowipg and raking, &c. A certain degree of heat and 
moisture, such as usually taJces place in the spring, is likewise ne- 
cessary. 

CkiriUine* One would imagine yon were going to describe the 
decomposition of an old plant, rather than the formation of a new 
one ; for you have enumerated all the requisites of fermentation. 

Mrs, B. Do you forget, my dear, that tbe young plant derives its 
existence from the destruction of the se^, and that it is actudly 
by the saccharine fermentation that the latter is decomposed ? 

Caroline. True; 1 wonder that I did not recollect that. The tem- 
perature and moisture required for the germination of the seed is 
then employed il^producing the saccharine. fermentation within it? 

Jlfr«. B. Certamly. But, in order to understand the nature of 
germination, you should be acquainted with the different parts of 
which the seed is composed. The external covering or envelope 
contains, besides the germ of the future plant, the substance which 
is to constitute' its first nourishment ; this substance, which is caUed 
XhejKurenchyma^ consists of fecula, mucilage, and oil, as we formerly 
obeerved. ' ^ 
— 

1961. For bow many persons can one man, in agricultural labor, 

produce food P 
135^ Why is this a reason for encouraging manufactures .' 
}253. What is the use of pbughing, digging, harrowing, raking^ 

&c. in agriculture ? 

' 24 
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The seed is ^oeraUy divided into two compartmeDts, called labts. 
or c&tyledom, as is exemplified by this bean, (Fijg^. 36,)— the dark 
(¥ig. 36.) coloured kind of striog^ which diyides the lobes is 
called the radicle, as it forms the root of the plant, 
and it is from a contig^oas substance, called plu- 
muloy which is enclosed within the lobes, that the 
stem arises.— -The figure and size of the seed de- 
pend very much upon the colytedons ; these yary in 
number m different seeds : some have only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instance, all the varieti^ 
of beans, have two cotyledons. When the seed is buried in the earth, 
at any temperature above 40 degrees, it imbibes water, which soft- 
ens and swells the lobes ; it then absorbs oxygen, which combines 
with some of its carbon, and is returned in the form of carbonic acid. 
This loss of carbon increases the comparative proportion of hydro- 
gen and oxygen in seed, and excites the sac^cbarine fermentation by 
which the parenchymatous matter is converted into a kind of sweet 
emulsion. In this form it is carried into the radicle by vessds ap- 

£ropriated to that purpose ; and in the meantime, the lermeDtatioo 
aving caused the seea to burst, the cotyledons are rent asunder, th£ 
' radicle strikes into the ground and becomes the root of the plant, 
and hence the fermented liquid is conveyed to the plnmula^ whose 
Tessels have been previously distended by the heat of the fermenta- 
tion. The plumula being thus swelled, as it were, by the emulsive 
fluid, raises itself and spring up to the surface of the earth, bearing 
with it the cotyledons, which, as soon as they come in contai^t with 
the air, spread themselves, an4 are transformed ipto leaves.— If we 
go into tne garden, we shall probably find some seeds in the state 
which I have described. 

. Emily. Here are some little lupines that are just making thdr 
appearaoce above ground. 

Mrs. B. We shall take up several of them to observe their dif- 
ferent degrees of progress in vegetation. Here is one that has but 
recently burst its envelope^do you see the little radicle striking 
downwards (Fig. 37, No. 1.) In this the plumula is not yet visible 
3nt here is another in a greater state of forwardness— ^the plomub 
or stem, has risen out of the rround, and tiie cotyledons are convert- 
ed into seed-leaves. (Fig. 37, No. 2.) 

Caroline. These leaves are very tnick and clumsy, and unlike 
the other leave®, which I perceive are just beginning to appear. 

J^rs. B. It is because they retain the remains of the parenchyma, 
with which they, still continue to nourbh the young plant, as it has 
not yet sufficient roots and strength to pi^vide for its sustenance 
from the soil. But, in this third lupme (Fig 37, No. 3. Vthe radicle had 
sunk deep into the earth, and sent out sever^ shbot8,'each of which 

1254. What part of the seed is called cotyledons.^ 

1255. What prt is called radicle ? 

1256. What part is called plumula ? 

1267. At what temperature will seeds germinate ? 
1258. How would you describe the process of geitninfttiim in 
seeds r 

1269. What do No«. 1 and 2 of Pig. 37, iepr«aeBt > 
JS60. What does No. 3, in Fig. 31^ repJesSt? 
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.is furoiiahed with a mouth to 
suck ap noarishment from the 
soil ; the function of the origi* 
nal leares, therefore, being no 
longer required, thej are gra- 
dusulj decaying, and the plu* 
mula is become a regular 
stem, shooting out small 
branches, and spreading its 
foliage. 

Emily, There^eemstobea 
very striking analogy between 
a seed and an e^^ ; both re- 
quire an elevation of tempera- 
ture to be brought to life ; both 
at first supply with aliment the 
organized beiog which thc^ 

Eroduce ; and as soon as this 
as attained sufficient strength 
to procure its own nourish- 
ment, the egg-shell breaks, 
whilst in the plant the seed- 
leaves fall off. 

•Afr«. B. There is certainly 
some resemblance between 

• F«. 36 and 37, No. 1. A B. Cotyledons. C, EuTc-these prOCeSSCS ; and whCU yOU 

lop*. D. Radicle. Fig. 37, No 2, A B, cot7UdoBf.j,gQQ,^g acquainted witt aoi- 

C.PlumuIa. D.IUdi.te.FMr.37. No.3,AB,Coty. , ^ko«>ioi,.« ^n« ^iU f«o. 




ledoM. C, Phuaol*. DiRadiclt. 



Tt til 



mal chemistry, yon 

quently be struck with its an- 
alogy to that of the v^retable kingdom. 

As soon as the younpf plant feeds from the soil, it requires the as- 
sistance of leaves, which are the organs by which it throws off its 
super-abundant fluid ; this secretion is much more plentifhl in the 
vegetable than in the animal creation, and the great extent of sur- 
face of the foliage of plants is admirably calculated for carrying it on 
in sufficient quantities. This transpired fluid consists of little more 
than water. The sap, by this process, is converted into a liquid of 
greater consistence* which is fit to be assimilated to its several parts. 

Emily Vegetation, then, must be essentially injured by destroy- 
ing the leaves of the plant. 

Jirs. B. Undoubtedly ; it not onlv diminishes the transpiration, 
but also the absorption by the roots ; for the quantity of sap absorbed 
is always in proportion to the quantity of fluid thrown off by trans- 
jMration. You see,1Sierefore, the necessity that a young plant should 
unfold its leaves as soon as it begins to derive its nourishment from 
the soil ; and, accordingly, you will find that those lupines which 
have dropped their seed-leaves, and are no longer fed by the paren- 

1961. What purposes do the leaves of vegetables answer during 
their growth? 

1263. What will be the injury to vegetation if the leaves are de^ 
«troj9d ? 
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cfaynay hare spread their fblnige» in order to perfiorm the ofice 
juBt described. 

Bat 1 sbonld inform yoo thsit this function of transpiration seems 
to be confined to the upper sAr&ce of the leares^ whilst on the con- 
tmy^ the lower sorfiice, which is more rou^h and unoTen, and fior- 
nished with a kind of hair or down, is destined to absorb moisture, 
or snch other ingredients as the plant derires from the atmosphere. 
As soon as a young plant makes its appearance above eroiind, 
l%ht, as well as air, .becomes necessary to its presenration. Lig^ is 
essential to the developement of the colours, and to the thriving of 
the plant You may have often observed what a predilection v^eta- 
bles had for the light If you make any plants grow in a room, they all 
spread their leaves and extend their orancbes towards the windows. 
Caro/tn£. And many plants close up their flowers as soon as it is 
dark. ^ 

Emily, But may not this be owing to the cold and dampnesspf 
the eyening air ? 

JIfrt. B. That does not appear to be the case ; for in a course of 
curious experiments, made ny Mr. 8enebier, of Geneya, on plants 
which he reared bv lamp-light, he found that the flowers ckned their 
petals whenever tne lamps were extinguished. 

Emily. But pray why is air essential to vegetation ? Plants do 
not breathe it like animals. 

Jlru B. At least not in the same manner; but they certainly de* 
riTe some principles from the atmosphere, and yield others to it. In- 
deed, it is chiefly owing to the action of the atmosphere, and the 
vegetable kingdom on each other, that the air continues alwavs fit 
for respiration. But you will aodentand this better when I haye 
explained the effect of water on plants. 

I have said that water forms the chief nourishment of plants : it is 

the basis not only of the sap, but of all the vegetable juices. Water 

is the vehicle which carries into the plant the various salts and other 

ingredients required for the formation and support of the vegetable 

system. Nor is this all : part of die water itself is decomposed by tl|e 

organs of the plant ; the hydrogen becomes a constituent part of o3, 

of extract, of colouring matter, &c. whilst a portion of the oxygen 

enters into the formation of mucilage, of fecula,of sug^, and of ve- 

^ getable acids. But the greater part of the oxygen proceeding from 

'-' the decomposition of the water is converted into a g^aseous stete by 

..^^^ the caloric disengaged from tjie hydrogen during its condensation in 

j^ the formation of the vegetable materials. In this state the oxygen is 

transpired by the leaves of plants when exposed to the sun's rays. 

Thus jTou find that the decomposition of water, by the organs of the 

Slant, is not onlv a means of supplying it with its 0hief ingredient, by- 
rogen, but at the same time of replenishiog the atmosphere widi ox- 
ygen, a principle which reouires continual renovation, to make up 
for the great consumption of it occasioned by the numerous oxygeoa- 

1263. How does the under side of leaves differ from the upper 
side.' 
1964. Of what use is li|^t in the growth of vegetables .* 
IS65. Of what use is air in vegetation.' 

1966. How are the various salts and other ingredients required for 
, . the fbrmation and support of the v^;etable system carried into plantsr 
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ttoBs, TwmbustioDs, and respirations, (hat are constantly taking 
place oo the surface of the ^lobe."^ 

Eihily, What a striking instance of the harmony of nature ! 

Jdrs.B. And how admirable the design of Providence, who 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! 

Btttthe intercourse of the vegetable and animal kingdotns, through 
the medium of the atmosphere extends still further. Animals, m 
breathing, not only consume the oxygen of the air, but load it with 
carbonic acid, which, if accumulated m the atmosphere, would, in a 
short time, render it totally unfit for respiration. Here the vegeta- 
ble kingdom ag[ain interferes : it attracts and decomposes the car- 
bonic acid, retains the carbon for its own purposes, and returns the 
oxygen for oars.! 

ilaroHne. How interesting this is ! I do not know a more beauti- 
ful illustration of the wisdom which is displayed in the laws of nature. 

Mr 9. B, Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
fail to inspire us with awe and admiration. What, then, would be 
our feelings, were the complete system of nature at once displayed 
before us ! So magnificent a scene would probably be too gpreat for 
our limited comprehension ; and it is, no doubt, among the wisedb- 

* The foregoing paragraph might mislead the student. Indeed it 
seems to have been written without regard to proper authorities. 
For instance, there is no proof that water is decomposed by the or- 
gans of plants; nor is it in the least degree probable that the oxygen 
emitted by them owes its gaseous state, to tne caloric set free by the 
condensation of hydrogeui Authors on this subject agree that the 
thickest veil covers the processes by which the sap is converted into 
the several parts of the plant But it has been demonstrated, that 
most, if not all the oxygen emitted by the leaves, is obtained by the 
jdecomposition of air, instead of water, as here stated. 1 f leaves are 
^■^osed to the rays of the sun, while under common water, they 
enut oxygen. But if the water is first deprived of its air, by an air 
pump, or by boiling, not a particle of oxygen is emitted. Now at- 
mos^eric air, always contains a quantity of carbonic acid gas, and 
experiments show, that plants give out oxygen in some proportion 
.to the quantity of this gas contained in the water. The hci then 
seema to be, that plants absorb carbonic acid, that this is decompo- 
sed by sqine unknown process ; the plant retaining the carbon, 
while the oxygen is given out.— C. 

f Lt is a carious fact, demonstrated by experiments, that the 
leavee of plants perform different offices at different periods of the 24 
hours. Daring the day they give out water, absorb carbonic acid, 
.and emit oxygen g^as ; bat auring the night they absorb water, and 
oxygen gas,suid give oat carbonic acid.— C. . 

. 1267. How do animal and vegetable life matually support each 
other? 
1268. Whaiatriomt/aeiuaaieditfiUlimetofvegtMltiinthe 

1369. What in the organization of naton is particulariy suited to 
the rational powers of man? 

24* 
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{)ttHditfa)lk&of Prondeoce,toreil the splendour of a g^loiy with which 
we shoold he oTerpowered. But it is well suited to a rational beiog 
to explore, step by step, the works of the creation, to endeavoar to 
connect them into harmonious systems ; and, in a word, to trace, in 
the chain of beinn, the kindred ties and benevolent design whicli 
unites its Tarious links, and secures its preseriration. 

Caroline. But of what nature are the organs of plants which are 
endued with such wonderful powers ? 

Mrs, B. Tbey are so minute that their structure, as well as the 
mode in which they perform their functions, generally elude our ex- 
amination ; but we may consider tliem as so many ressels or appa- 
ratus appropriated to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these v^eta- 
ble compounds are generated. We may, however, trace the tannin, 
resins, gums, mucilage, and some other veg^etable materials, in the 
organized arrangement of plants, in which they form the bark, the 
wood, the leaves, flowers, and seeds. 

The 5ar^is conkposed of the epidermis , the ^renchymoy and the 
cortical Uxum. 

The epidermis is the external covering of Ihe plant. It is a thin, 
transparent membrane, consisting of a number of slender fibres, 
crossing each other, and forming a kind of net-work* When of a 
white glossy nature, as in serend species of trees, in the stems of 
com and of seeds, it is composed of a thin coating of siliceous earth, 
which accounts for the strength and hardness of those long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceous 
nature of the epidermis of such plants, by observing the singular 
phenomenon of sparks of fire emitted dv the collision of ratan canes 
with which two boys were fighting in a dark room. On analysing the 
epidermis of the cane, he found it to be almost entirely siliceous.* 

Caroline, With iron, then, a cane, I suppose, will strike fire very 
easily? 

Mrs. B. I understand that it will.— In evergreens the epiden^ 
is mostly resinous, and in some few plants is formed of wax. Ke 
resin, from its want of affinity for water, tends Xo preserve the punt 
from the destructive effects of violent rains, severe climates, dr in- 
clement seasons, to which this species of vegetables is peciBiarly 
exposed. ' 

EmUy, Resin must preserve wood just like a varnish, as it is the 
essentia] ingredient of varnishes. - 

Mrs. B. Yes ; and by this means it prerents, likewise, all unne- 
cessary expenditure of moisture. * 

The parenchyms^ is immediately beneath the epidermis ; it is that 

* In the scouring rush, {Equiselum hyemale) the siliceous epider- 
inis is still more obvious. If drawn across a piece of soft metal, as 
silver or copper, it cuts it like a file. It even makes an impression 
on the hardest steel.— C. 



1270. bf what is bark composed ? 
1371. Whatistheepidermfe? 

nn. In what manner was Sir H. Davy led to discover the sili- 
ceous nature of the epidermis of particular plants ? • 
127a HoW does resin tend to preserve the ptent? 
1274. What is the parenchyma f 
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l^reen rind which appears when you strip a branch of any tree or 
shmb of its external coat of bark. The parenchyma is not confin- 
ed to the stem or branches, but exteil^s over every part of the plant. 
It forms the green matter of the leaves, and is composed of tubes 
filled with a peculiar juice. j 

The cortical layers are immediately in contact with the wood ; 
they abound wjth tannin and eallic acid, and consist of small vessels 
through which the 3ap descends after being elaborated iu the leaves. 
The cortical layers are annually reoewed, the old bark being con- 
verted into wood. 

Xr9. B. That function is performed by the tubes of the alber- 
num or wood,which is immediately beneath the cortical layers. Tlie 
wood is composed of woody fibre, mucilage, and resin. The fibr.^ 
are disposed in two ways ; some of them longitudinally, and these 
form what is called the silver grain of the wood. The others which 
are concentric,are called the spurious grain. These last are dispo- 
sed in layers, from the number of which the age of the tree Vnay be 
computed, a new one being produced annually by the conversion of 
the bark into wood. The oldest, and consequently most internal part 
of the albernum, is called heart wood^ it appears to be dead, at least 
no vital functions are discernible in it. It is through the tubes of 
the living alburnum that the sap rises. These therefore, spread into 
the leaves, and there communicate with the extremities of the ves- 
seb of the cortical layers, into which they poor their contents. 

Caroline^ Of what use, then, are the tubes of the parenchyma, 
since neither the ascending nor descending sap passes through them ? 

Jlfr«, B. They are supposed to perform the important function of 
secreting from the sap the peculiar juices from which the plant 
bore immediately derives its nourishment: These juices are very 
conspicuous, as the vessels which contain them are much larger 
than those through which the sap circulates. The peculiar juices 
of plants differ much in their nature, not only in different species 
^f vegetables,but frequently in different parts of the same individual 
^knt : they are sometimes saccharine, as in the sugar-cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance, as in the laurel. 

Emily. 1 have often observed, that in breaking a young shoot, or 
in bruising a leaf of laurel,' a milky juice will ooze out in great 
abundance. 

Mn. B. And it is by making incisions in the bark, that pitch, tar, 
and turpentine* are obtained from fir-trees. The durability of this 
species of wood is chiefly owing to the resinous nature of its peculiar 

* Turpentine is obtained- as described in the text. But tar and 
pitch are obtained by a very different method. A conical cavity is 
dug in the earth, at the bottom of which is placed a reservoir. Over 
this is piled billets of fir-wood, forming a large pile. The pile Is 
coves«d with turf to smother the fire which is kindled at the top. As 
't he wood ia heated, and gradually converted into charcoal, the tar is 

1375. Through what'does thto sap ascend ? 
1276. Of what is the wood composed ? 

1377. How are the fibres disposed ? 

1378. Of what iiseare the tubes of the parenchyma? 
1279. How may pitch, tar, and turpentine be obtained f 
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jaices. The volatile oils have, in a great measure, the same preser- 
vative effects, as they defend theparts with which they are connect- 
ed, from the attack o( insects. This tribe seems to ha?e as {^reat an 
aversion to perfumes, as the human species have delight m them. 
They scarcely ever attack any odoriferous parts of plants, and it is 
not uncommon to see every leaf of a tree destroyed by a blig^ht, 
whilst the blossoms remain untouched. Cedar, sandal, and all ar- 
omatic woods, are, on this account, of ^at durability. 

Emily. But the wood of the oak, which is so much esteemed for 
its durability, has, I believe, no smell. Does it derive this quality 
from its hardness alone ? 

J^rs. B. Not entirely ; for the chestnut, though considerably 
harder and firmer than the oak, is not so lasting. The durability 
of the oak, is, i believe, in a great measure, owing to its having 
very little heart-wood, the alburnum preserving its vital functions 
longer than in other trees. 

Caroline, If incisions are made into the alburnum and cortical 
layers, may not the ascending and descending sap be procured in 
the same manner as the peculiar juice is from tne vessels of the 
pareDchyma ? 

Mrs. B. Yes : but in order toobtain specimens of these fluids, in 
any cjuantity, the experiment must bemade in the spring, when the 
sap circulates wi^h the greatest energv- For this purpose a small 
bent glass tube should be introducea into the incision, through 
which the sap may flow without mixing with any of the other juices 
of the tree. From the bark the sap will flow much more plentifully 
than from the wood, as the ascending sap is much more liquid, more 
abundant and more rapid in its motion than that which descends ; 
for the latter having been deprived by the operation of the leaves 
of a considerable part of its moisture, contains a much greater pro- 
portion of solid matter, which retards its motion. It does not ap- 
pear that there is any excess of descending sap, as none ever exudes 
from the roots of plants ; this process, therefore, seems to be car^ 
ried on only in proportion to the wants of the plant, and the sap^^ 
scends no further, and in no great quantity, than is required To 
nourish the several organs. Therefore, though the sap rises and 
descends in the plant, it does not appear to undergo a real circula- 
tion. 

The last of the organs of plants, is the flower^ or bhstom^ which 

driven out and runs into the cavity, and finally into the reservoir. 
Tar is a mixture of retin^ empyreumalic oil^ charcoal and cuetk 
acid. The colour is derived from the charcoal. Pitch is made by 
boiling tar, by which its more volatile parts are driven off.---€. 

1280. On what are the durability of cedar, sandal, and ail aromat- 
ic woods depending ? 

1281. On what is the durability of oak depending? 

1282. OfwhatUtartaidinthenotetocBnnHf 

1283. At what time in the year does the sap circulate with most 
energfy? 

1284. Why will sap flow more plentifully from the bark than from 
the wood? 

1285. What is the ultimate purpose of nature in the vegetable 
creation ? 
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produces ihefruiU and seed. These may be considered as the ulti- 
mate purpose of nature in the vegetable creation. From fruits and 
seeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample provision for the reproduction of the same 
means of sb bsistence. 

The seed which forms the final product of mature plants, we 
haye already examined, as constituting the first rudiments of future 
vegetation. 

These are the principal organs of vegetation, by means of which, 
the several chemical processes which are carried on' during the life 
of the plant are performed. 

Emil^. But how are the several principles which enter into the 
composition of vegpetables, so combmed by the organs of the plant, 
as to be converted into vegetable matter ? 

JV[ra. B. By chemical prqcesses, no doubt ; but the apparatus in 
which they are performea, is so extremely minute as completely to 
elude our examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composedL of water, absorbed by the roots 
and holding in solution the various principles which it derives from 
the soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branches out to every extrem- 
tity of the plant. Together with the sap circulates a certain quan- 
tity of carbonic acid, which is gradually disengaged from the for- 
mer by the ioternal heat of the plant. 

Caroline. What f have vegetables a peculiar heat, analogous to 
animal heat? 

•Afrt. B, It is a circumstance that has lon^ beeo^suspectedi ^t 
late experiments have decided beyond a doubt that vegetable beat 
is considerably above thatof unoi^nized matter in winter, and be- 
low it in summer. The wood of a tree in its interior, is about sixty 
degrees when the thermometer is at seventy or eighty degrees 
in the air. And the bark, though so much exposed, is seldom be- 
l(m forty in winter. 

It is from tlie sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment ; in its progress through the 
plant from the leaves to the roots,, it deposits in Uie several sets of 
vessels with which it communicates, the materials on which the 
growth and nourishment of each plant depends. It is thus that the 
various peculiar juices, saccharine, oily, mucous, acid, and colour- 
ing, are formed ; as also the more solid parts, fecula, woody-fibre, 
tannin, resins, concrete salts ; in a word all the immediate materi- 
als of vegetables, as well as the organized parts of plants, which 
latter, besides the power of secreting these from the sap, for the gen- 
eral purpose of the plant, have sdso that of applying them to their 
own particular nourishment. 

Emily, But why should the process of vegetation take place jonly 

1286. How are the several principles which enter into the com- 
position of vegetables so combmed by the organs of the plant as to 
be converted into vegetable matter ? 

1287* How does the temperature of vegetables compare with that 
of unorganized matter.' ^ 

1288, How are the several pieces as well as more solid parts of 
vegetables formed? 
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at oDe season of the year, whilst a total inaction prevails daring the 
other? 

Jtfrt. B. Heat is such an important chemical agent, that its ef- 
fect as such, might perhaps alone, account for the impulse which 
the spring giyes to vegetation. But, in order to explain the me- 
chanism of that operation, it has been supposed that the warmth of 
spring dilates the vessels of plants, and produces a kind of vacuum, 
into which the sap ^which had remained in a state of inaction in the 
trunk during the wmter) rises ; this is followed by the ascent of the 
sap contain^ in the roots, and room is thus made for fresh sap, 
which the roots in their turn pump up from the soil. This process 
goes on till the plant blossoms ana bears fruit, which terminates its 
summer career ; but when the cold weather sets in, the fibres and 
vessels contract, the leaves wither, and are no longer able to per- 
form their office of transpiration ; and as this secretion stops, the 
roots cease to absorb sap from the soil!^ If the plant be an annual, 
its life then terminates ; if not, it remains in a state of torpid inac- 
tion during the winter, or the only internal motion that takes place 
is that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the win- 
ter. 

Caroline. Yet, in evergreens veg^etation must continue through- 
out the year. 

JIfrtf. B. Tes ; but in winter it goes on in a very imperfect man- 
ner, compared to the vegetation oi spring and summer. 

We have dwelt much longeron the history of vegetable chemis- 
try than 1 had intended ; but we have at length, 1 think, brought 
the subject to a conclusion. 

' Caroline* t rather wonder that you did not reserve the account 
of the fermentations for the conclusion ; for the decomposition of 
vegetables naturally follows their death, and can hardly, it seems, 
be introduced with so much propriety at any other period. 

Jdrs,B» It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; every part 
of the subject is so closely connected, and forms such an uninter- 
rupted chain, that it is by no means easy to divide it. Had I begun 
with the germination of the seed, which, at first view seems to be 
the most proper arrangement, 1 cou^ld not have explained the na- 
ture and fermentation of the seed, or have described the changes 
which manure must undergo, in order to yield the vegetable ele- 
ments. To understand the nature of germination, it is necessary, I 
think, previously to decompose the parent plant, in order to be- 
come acquainted with the materials required for that purpose. I 
hope, therefore, that, upon second consideration, you will find 
that the order which I have adopted, though apparently less correct, 
is, in fact, the best calculated for the elucidation of the subject. 

1289. Why should the process of vegetation take place only in 
warm weather.^ 

1290. What is the condition of vegetables called evergreens, in 
the season of winter ? 

1291. Why was not the fermentation of vegetables reserved for 
the concluding part of what is said on this subject f 
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CONVERSATION XXIII. 
ON THE COMPOSITION OF ANIMALS. 

Mrs. B, We have noir come to the last branch of chemistry, 
which comprehends the most complicated order of compouDd bein^. 
This is the animal creation, the history of which, cannot but excite 
the his^hest degree of curiosity and interest, though we often fail in 
attempting to explain the laws by which it is governed. 

Emily. But since all animal ultimately derive their nourishment 
from ve|^etables, the chemistry of this order of beings must consist 
merely m the conversion of vegetable into animal matter. 

Jtfrt. B. Very true ; but the manner in which (his is effected is, 
in a great measure, concealed from our observation. This pro- 
cess is called ammakzatum, and is performed by peculiar organs. 
The difference of the aninud and vegetable kingdoms does not, 
however, depend merely on a different arrangement of combina- 
tions. A new principle abounds in the animal kingdom, which is 
bat rarely and m very small quantities found in vegetables ; this is 
nitrogen. There is likewise in animal substances a greater and 
more constant proportion of phosphoric acid, and other saline mat- 
ters. But theae are not essential to the formation of animal matter. 

Caroline. Animal compounds contain, then, four fundamental 
principles ; oxyg^, hydrogen, carbon and nitrogen.' 

jiirS'B, Yes; and these form the immediate materials of anSv 
mals, which are geUUiM, albumen^ and fibrine.* 

JBmt/v.- Are those all? I am surprised that animals should be com- 
posed of fewer kinds of materials than vegetables ; for they appear 
much more complicated in their organization. 

Jtfrt. B. Their or^^anization is certainly more perfect and intri- 
cate, and the ingredients that oecasionally enter into their compo- 
sition are more numerous. But notwithstanding the wonderful va- 
riety observable in the texture of the animal or^^ans, we find that the 
original componnda, from which all the varieties of animal matter 
are derived, may be reduced to the tbree heads just mentioned. An- 
imal substances beinf the most complicated of all natural com- 
pounds, are most easily susceptible of decomposition, as the scale of 
attractions increases in proportion to the number of constituent 
principles. Their analysis is, however, both difficult and imper- 
fect ; for as they cannot be examined in their living state, and are 
liable to alteration immediately after death, it is probable that when 
snbmitt^ to the investigation of a chemist, they are always more or 

* These are the principal ingredients of the soft parts. But in 
addition to these, animal suMtances contain cohurir^ mcUter qf 
bloodi mucous, sulphur, phosphorutn earths, alkalies, oils, acids^ res- 
ins, and several others, which it is unnecessary to specify^'^-C. 

_^___^^ » 

^ ' ' . ' ■ ■ I '■■■ ■ ■ ■ ■ I I ■> 

139S. What forms the subject of the 23d conversation ? 

1293. What is animalization ? 

1294. What do animal compounds contain f 

1295. What are the immediate materials of animals ? 

1296. On what account is the analyiis of anunal oompoixndli dfffir 
cult and imperfect .' 
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)en altered in their combinslioiiB aa4 jiroperttes, from what they 
were, whilst they made part of the Hying animal. 

£mt/tf. The mejre dimtoatioa of temperature, which they expe- 
rience Dy the privation of animal heat, must, I should suppose, be 
sufficient to derange the order of attractions, that existed during life. 

Jtfrt. B, That is one of the causes, no doubt ; but there are many 
other circumstances ift'hich prevent us from studying the nature of 
living animal substances. We must, therefore, in a considerable 
degree, confine our researches to the phenomena of these compounds 
in their inanimate state. 

These three kinds of animal matter, gelatine, albumen, and 
fibrine, form the basis of all the various parts of the animal system : 
either solid, as the skin^ fleshy nerves^ membranes^ cartilagest and 
bones; or fluid, as bloody chyle, mUky fnucta, the gastric and pancre- 
cJicjuicety bile, perspiration, satwa^ tears, ifc. 

Cfaroline. Is it not surprising that so great a variety of substao- 
ces, and so different in their nature, should yet all arise from so feir 
roateriaU. and from the same original elements f 

•Mrs. B. The difference in the nature of various bodies depends, 
as I have often observed to vou, ra'ther on their state of combination, 
than on the materials of woich they are composed. Thus, in coDsi- 
dering the chemical nature of the creation in a general point of viev, 
we observe that it is throughout comp<»ed of a very small oam- 
ber of elements. But when we divide it into the three kingdoms, 
we find that, in the mineral, the combinations seem to resolt 
from the union of elements casually brought together ; whilst in tbe 
vegetable and animal kingdoms, the attractions are peculiarly and 
regularly produced by appropriate or^ns, whose action depends on 
the vital principle. And we may further observe^ that by means of 
certain spontaneous changes and decompositions, the elements of 
one kind of matter become subservient to the reprodoction of an- 
other ; so that the three kingdoms are intimately connected, and 
constantly contributing to the preservation of each other. 

Emily, There is, however, one very considerable class of ele- 
ments, which seems to- be confined to the mineral kingdom. 1 
mean metals. 

Mrs* B. Not entirely ; they are found, thdu^ in very minute 
quantities, both in the vegetable and animal kmgdoms. A small 
portion of earths and sulphur enters also into the composition of or- 
ganized bodies. Phosphorus, however, is almost entirely confined 
to the animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

'Let us now proceed to examine the nature of the three prinoips^ 
materials of the animal system. 

OeUUine or jelly, is the chief ingredient of skin, and <^ all the 
membranous parts of animals. It may be obtained from these sub- 
stances, by means of boiling water, under the forms of glue, size, 
isinglass, and transparent jelly. 

1297. On what does the difference of nature in various bodies 
•chiefly depend ^ 

1298. What is gelatine or jellj? 

1299. From what is it obtained ? 

1300. Utnder what forms does it exist when obtafined ? 
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therefore, be all pai« Valine. 

JIfrf. S. Kot entirelv, 4Mit yery nearly so. Gliie* is extracted 
from the skin of animals. Size is obtained either from skin in its 
natural state, or from leather. Isinglass is gelatine ptoGused from 
a particiilar species of fish ; k is, «jbu know, of this substance that ^ 
the finest jelly is made, and this is done bj- merely ^issoiring the 
isinglass in boiling water, and aUowio^ the solution to oongteed. 

Emily, The wine, lemon, and spices, are, 1 suppose, added only 
to flavour the jelly ? 

Mrs, B. Exactly so. 

Caroline.- But jdly is «ften made of hartshorn 8ha<rings, and of 
calves' feet ; do these substances contain gelatine ? 

Mrs, B. Tes. 'Gelatine may be -obtained from almost any ani- 
n)al substance, as it enters more or less into the composition nf all of 
them. The process for obtaining it is extremely simple, as it con- 
sists merely in boiling the substance which contains it with water.-— 
The gelatine dissolves in water, and may be obtained of any degree 
of consistence or strength, by evaporating this solution. Bones in 

1>articiilar produce it yery plentifully, as Uiey consist of phosphat of 
ime, combined or cemented by gelatine. Horns, which are a spe- 
cies of bone, will yield abundance of gelatine. The horns of the 
hart are reckoned to produce gelatine of the finest quality ; th^ are 
reduced to the state of shavings, in order that the jelly may be more 
easily extracted by the water. It is of hartshorn shavings that the 
jellies for invalids are usually made, as they are of very easy diges- 
tion. 

Caroline, It appears singular that hartshorn, which yields -such 
a powerful ingredient as ammonia, should at the same time ptiidaoe 
so mild and insipid a substance as jell^ ? 

Mr9. B. And (what is more surprising} it is from the gelatine of 
bones that ammonia is produced. You must observe, however, that 
the processes, by which these two substances are obtained from 
bones are yery different. By the simple action of water and h^X, 
the gelatine is separated ; but in order to procure the ammonia, or 
what is commonly called hartshorn, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitro- 
^en combined in we form of ammonia. So that the first operation 
IS a mere separation of ingredients, whilst the second requires a 
chemical decomposition. 

Caroline. But when jelly is made from hartshorn shayings, what 
becomes of the phosphat or lime which constitutes the other part of 
bones? 



* Bones, muscles, tendons, ligaments, membranes, and skins, ail 
of them yield glue. But the b^ is made firom the skin of old ani- 
mals. — '6. 

1901. From uthaiiiUieheH glue extraded? « 

1902. From what w isinglass obtained? 

1303. What is the process of obtaining gelatine ? 
J 304. From what is the best gelatine obtained? 
1305. From what is anunoma produced ? 

26 
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Mfi. B. It » eMily separated by rtrjiniM. But the j^^aftef- 
wafdt mow perfectly purified, and rendewa tranapari»M»y ^^ 
1^ of egg!lrhich b&og coagoUted by heat, riaes to tbe surface 
along with any impnntiea. 




t* haps not be quite so good as if made from hartshorn shavingB. 

Mn. B- Tnere is a prejudice among tbe poor against a species o 



lEbod that is usually thrown to the dogs ; and as we cannot expect 
them to enter into chemical consideraiions, it is in some degree ex- 
cusable. Besides, it requires a prodigious quantity of fuel to dis- 
soWe bones and obtain the gelatine from them. ' 

The solution of bones in water is greatly promoted by an accu- 
mulation of heat. This may be eflTected by means of an extreme^ 
strong metalUc vessel, called Pt^*s digester, m which the bones 
and water are enclosed, without any possibility of the steam matang 
its escape. A heat can thus be applied much superior to thatot 
boiling water ; and bones, by this means, are completely reducea 
to a pulp. But the process still consumes too much fuel to be ge- 
nerally adopted among the lower classes. ,_,. u j <• 

Carolme. And why should not a manufacture be establisbea wr 
grinding or macerating bones, or at least for reducing them to the 
state of shavings, when I suppose they would dissolve as readily as 
hartshorn shavings? . 

Mrs, B. They could not be collected clean for such a purpose . 
but they are not lost, as they are used for making hartshorn, ana 
sal. ammoniac ; and such is tbe sup^or science and industry of tbis 
country, that we now send sal. ammoniac to the Levant, ihougu n 
•riffinally came to us from Egypt. . 

Emily. When jelly is made of isinglass, does it leave no sedi- 

ment '^ 

Jtfri . B. No : nor dofes it so much atf require clarifying, as it con- 
sists almost entirely of pure gelatine, and any foreign matter thacw 
mixed with it, is torown off during the boiling in the form of scum. 
'These are processes which you may see performed m f >^at periw- 
tion in tbe culinary laboratory, by that very able and most useiu' 

chemist, the cook. . • ♦.- ;« 

Caroline, To what an immense variety of purposes chemistry » 

subservient ! 

EmUy^ It appears, in that respect, to have an advantage orer 
most other arts and sciences ; for these, very often have a tendency 
to confine the imagination to their own particular object; wmisi 
the pursuit of chemistry is so extensive and diversified, that it in- 
spires a general curiosity and a desire of inquiring into the nature 
of every object. !*•„*. 

Caroline. I siippose that soup is likewise composed of gciatiDc, 
for, when cold, it often assumes tbe consistence of jell v. 

Jiirs. B. Not entirely ; for though soups generally contain a 

1306. What becomes of the phosphat of lime when jelly is n»a^^ 
from the shavings of hartBhom ? . 

1307. What obstacle is there to converting bones into gelatioe iw* 
food? 

1308. For what may bones be advantageously used ? 

1309. Of what are soups composed? 
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quantity of g^elatine, the moet essential tngpredient is a mucns, or 
extractiTe matter, a peculiar animal substance, rery soluble iiv wa- 
ter, which has a strong taste, and is more nourishing than gelatine. 
The yarious kinds of portable soup consist of this extractive matter 
in a dry state, which, m order to be made into soup, requires only to 
be dissolyed in water. ^ , > 

Gelatine, in its solid state, is a semiductile, transparent substance, 
without either taste or smell. -When exposed to heat, in contact 
with air and water, it first swells, then fuses, and finally bums. 
Ton may have seen the first part of this operation performed in the 
carpenter's g^ue-pot. • 

Caroline. But you said that gelatine had no smell, and glue has 
a very disagreeable one. 

Jffrg, B. Glue is not pure gelatine : as it is not designed ibr eat- 
ing, it is prepared without attending to the state of the ingredients, 
which are more or less contaminated by particles that have become 
putrid. 

Gelatine may be precipitated from its sdutions in water by alco- 
hol. — We shall try this experiment with a glass of warm jelly. — Tou 
see that the gelatine subsides by the union of the alcohol and the 
watpr t 

Emily How is it, then, that jelly is flavoured with wine, without 
producing any precipitation ? \ 

JIra, B. Because ihe alcohol contained in wine is already com- 
bined with water and other ingredients, and is, therefore, not at li« 
berty to act upon the jelly as when in its separate state. Gelatine 
is soluble both in acids and in alkalies : the former, you know, are 
frequently used to season jellies. 

6arolvM, Among the combinations of gelatine we must not fi>r- 
get one which you fbrmerly mentioned ; that with tannin, to form 
leather. 

'^!rs. B. True ; but yon must observe that leather can be produ- 
ced onlr by Ratine in a membranous state; for though pure gela- 
tine an^ tannin will produce a substance chemically sunilar to lea- 
ther, yet the texture of the skin is requisite to make it answer the 
useful purposes of that substance. 

The next animal substance we are to examine is attmmen ; this, 
although constituting a part of most of the animal compounds, is 
frequently found insulated in the animal system ; the white of egg, 
for instance, consists almost entirely of albumen : the substance that 
composes the nerves, the serum, or white part of the blood, and the 
curds of milk, are little else than albumen variously modified 

In its most simple state, albumen appears in the form of a trans- 
parent, viscous fluid, possessed of no aistinct taste or smell ; it co- 
agulates at the low temperature of 165 deg^rees ; and, when once 
solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capable of coaguja- 



1310. How does common glue diffisr from gdatine? 

1311. What effect will alcohol have on gelatine in water ? 

] 312. Why will not wine, wfaioh contains a portioii of alcohol pro* 
duce precipitation, when put into jelly P 

1313. Wnat is albumen ? 

1314. At what temperatnre will it coagulate.^ 



t02 CI>1I90»ITI«1I 

tingraHmiiienkitiitf i«M tMnaer as batt, as I' am goiii|^ to &bow 

you. 

Umiip, Esaotif 80b<^Pra7, Mm. Bw, what kind of action » there 
iMtwaeBalbamenanidMlTer? I have sometimes obserred, that if 
the spooB wilh whiobi eat an e^ happens to be wetted, it becomes 
tarnished. , 

JIffik B. it is becaase the Whtte of an egjg (and indeed, albamea 
in general) contains a little sulphur, which, at tbe temperature of 
an c^ just boiled, will decompose the drop of water that wets the 
spoon, and prodnee snlphnretted hydrogen gas, which has the pro- 
perty of tarnishing silver. • 

We may now proceed to fibrine This is an insipid and inodorus 
substance, having somewhat the appearance of fine white threads 
adhering together : it is the essential constitiient of muscles, or flesb, 
in which it is mixed with and softened by prelatine. it is msoluble 
both in water and ateohoK but sulphuric acid coin verts it into a sub- 
stance very analogous to gelatine ^ 

These are the essentiarand gfeneral ingredients of animal matter; 
bnt there are other substances, which, though not peculiar to the 
aonmal system,'U8ually enter into its composition, sueh as oils, acids, 
salts, &c. 

JiniwuU eU is the chief constituent of fat : it is contained in abun- 
dance in the cream of milk, whence it is obtained in the form of 
bntter. • 

Emiiy, Is amn^l oil the same in its compostticm as vegetable 
oils? 

Jdrs. B. N ot the same, but very anal ogous. The chief diffisreDce 
is that aoimal oil contains nitrogen, a principle which seldom eaters 
into the composition of vegetable oils, and never m so large a pro- 
portion. 

There are few animal acids, that is to say, acids^ peculiar to ani- 
mal matter, froawbfch thev are almost eicclnsively obtained. 

The animal acrds have triple bases of hydrogen, carbon, and ni- 
trogen. Some of them are found native in animal matter ; others 
are produced during its decomposition. 

Those which we find ready formed, are,-— 

The bonAie acd^ which is obtained from silk-worms. 

The/ormtc odd, from ants. 

The lactic acid, from the whey of milk. 

The Mbacic^ frtnn ott or iht. 

Those produced during the decomposition of animal substances 
by heat, are the prttftic and goonie acids. This last is produced by 
the roasting o€ meat, and gives it a brisk flavour 

Caroline, The claas of animal acids is not very extensive. 

J^n,B. No; nor are they, generally speaking, of great impor- 

1315. Why ii silver tarnished by the white of an eg^ ? 

1316. Whatisfibrine? 

1317. What it the dilferenoe between animal and vegetable oil-^ 

131 8. What are the bases of animal aeids ? 

1319. What are the names of those formed in animal substances 
already formed f 

1320. What are those produced during the decomposition of aoi- 
mal substances f 
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tance. The prwtk add* I tbink the only one suiBoieiiUy interest- 
ing to require any farther comment. It can be formed by an arti- 
ficial process without the presence of any animal matter ; it may 
likewise be obtained trom a variety of vef^tables, particularly those 
of the narcotic kind, sncb as poppies, laurel, &c» But it is commonly 
obtained from blood, by strongfiy heatinr that substance with caus- 
tic potash ;. the alkali attracts the acid from the bioon, and forms 
with it a j^rutsiai of poUulu From this sUte of combination the 
prusstc acid can be obtained pure by means of other substances 
which have the power of separating it from the alkali. 

Emily, But if this acid does not exist ready formed in blood, how 
can the alkali attract it irom thence ? 

Mrs, B, It is the triple bases only of this acid that exists in the 
blood : and this is developed and brought to the state of acid, durior 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash. 

Emily. Now I comprehend it. But how can the prussic acid be 
artificiauly made ? 

Jtfr*. B. By passing ammoniacal gas over red-hot charcoal; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon. The two first are derived from the volatile al- 
kali, the last from the combustion of the cWrcoal.f 

Caroline. But this does not accord with thh system of oxygen be- 
ing the principle of acidity. 

Mrs, B. The colouring matter of Prussian blue is called an acid, 
because it unites with alkalies and metals, and not from any other 

4?. 

'^ Prussic acid can be obtained from Prussian blue (prtuaiat of 
iron) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, and mix with it 2 and a half ounces of red oxide 
of mercurj (red precipitate,) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filter the 
solution, which is a prumat of mercury, and is formed by the trans- 
fer of the prussi^ acid, from the iron to the mercury. Put ihis solu- 
tion into a a retort, and add to it two ounees of clean iron filings and 
six dpacbms of sulphuric acid, and distil off two and a half ounces of . 
prussic add. This process requires a good apparatus, anA>i|^ht not 
to be undertaken by any one who has not a Knowledge of practical 
chemistry. The fumes during the distillation oo^ht carefully to be 
avoided as poisonous. Prussic acid has of late been much used in 
medicine, as a remedy, in consumption, hooping cough, &c. — C. 

f The basis of prussic acid has, of late years, been ascertained 
by M. Gay-Lussac^ to be a combination of azote and carbon, which 
he has called cyanogen. This com))oond, when combined with hy- 
drogen, forms prussic acid, or, as it is^now called, hydro-cyanic add* 
Purtf cyanogen, in the state of gas, may be obtaiued from prussiat 
of mercury oy distillation. ' 

1321. How is prussic acid obtained? 

1322. How is it mentioned in l&e note that pnusic add can be ob- 
tained/rom Prussian blue ? 

1323. Does this acid exist already formed in the bkwd? 

1324. How is it ascertained that the conititnents of pnusic acid 
are hydrogen and nitrogen, and carbon? 

25* 
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ofaacKotBristicfPo^nliesoftBids; perhtps Ae tame is Q6t strictly 
appioMtate. Bnt tim emnimstaHiee, togmer witii «oiiitt others of 
tie sftne knd, has induced sewral diemnts le tbiDk ibat oxygen 
may not be tbe exclntive generator of acids. Sir H. Da?y, i bare 
already infoinnd yoa, was led by Iris experiweatB on dry acidB to 
suspect thaUwater niight be essential to acidity. And it is the 
opinion of sXne 'cbemiBls that acidity toay poniUy depend rather 
on the arrangement than on the presence of any particular prin<a- 
ples. Bat we bare not yet done with the pmssic acid, it fans a 
strong affinity for metallic oxyds, and precipitates the solutioos of 
iron in acids of a blue colour. This is the Prassiao blue, or prasaiat 
f^iron, so much used in the arts, and with which I think yon mnst 
be acquainted. • j • 

EmUy. Yes, 1 am ; it is much used in painting, both in od and m 
water colours ; but it is not reckoned a {wnnanent oil colour. 

Mrs. IB. That defect arises, I believe, in general, from its being 
badly prepared, which is the case when the iron is not so fully oxy- 
dated as to form a red oxyd. For ^ solution of green oxyd of iron 
(in which the metal is more slightly oxydated,) makes only a pale 
green, or eren a white precipitate, with prussiat of potash; and this 
gradually changes to blue by being exposed to the air, as 1 can im- 
mediately show yon. 

Caroline* It already begins to assume a pale blue colour. But 
how does the air produce this change ? 

JIf rt . B. By oxydating the iron more perfectly. If we pour some 
nitrous acid on it, the blue colour wiH be immediately prodaoed, as 
the acid will yield its oxy^eo to the precipitate, and fully saturate 
it with this pnnciple, as you shall see. 

Caroline. It is very curious to see a colour change so instanta- 
neously. 

Mrs. B. Hence you pereeiye that Prussian blue cannot be a per- 
manent colour, unless prepared with red oxyd of iron, since by ex- 
posure to the atmosphere it .gradually darkens, and in a short time is 
no longer in harmony with the other colours of 'the painting. 

CaroHne. But it can never become darker, by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is per- 
fbotly saturated 

Jars. B. Certainly not. But in painting, the artist not reckon- 
ing upon partial alterations in his colours, gives his blue tints that 
particular shade which harmonizes with the rest of the picture. If, 
afterwards, those tints become darker, the harmony of thecolQdriog 
must necessarily be destroyed. ' 

Caroline. Pray of what nature is the paint called carmine ? 
JiSrs B. It is an animal colour prepared from cochineal, an insect, 
the infusion of which produces a very beautifol red.* 

Caroline. Whilst We are on the subject of colours, I should like 
to learn what ivory blade is ? 

* Carmine is obtained by pneipitating the colouring matter from 
en infusion of the inseot by means of a solution of tin.— C. 

1325. To what opiniott was Sir H. Davy led respecting acidity ? 

1326. Why is not Prassian blee a permanent oil.cokmr ? 

1327. In what way may Pmssiui blue be made a pennatieBt co- 
lour? 

1328. From what is carmine prepared f 
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Jkfrf. B. Itisaoarbonaceoasrabstmice, obtained by the oom- 
bustion of ivory. A more comnooa species of black is obtained 
from the burning of bone. 

Caroline. Bat during the combustion of ivory or bone, tbe car- 
bon, I should have imagmed, must be converted into carbonic acid 
gas, instead of this black substance ? 

Mrt. B. In this, and in most combustions, a conddA*able part ot 
thecarbon is simply volatilized by the heat, and again obtained con- 
crete on cooling. This colour, there/ore, may be called »the soot 
produced by the burniog of ivory or bone. 



CONVERSATION XXIV. 
OF THE ANIMAL ECONOMY. 

I 

Mrs, B, We have noiv acquired some idea of the various mate- 
rials which compose the animal system : but if you are carious to 
know in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary to have some previous knowledge of the nature and 
functions of these organs, without which it is impossible to form any 
distinct idea of the process of animalization and nutrition 

Caroline, I do not exactly understand the meaning of the word 
animalization. 

Mrs. B. Animalization is the process by which the foodis assim- 
ilated, that is to say converted into animal matter ; and nutrition is 
that by which the food thus assimilated ts rendered subservient to 
the purposes of nourishing and" maintaining the animal system. 

Emily. This, I am sure must be the most interesting of all the 
branches of chemistry ! 

Caroline. So I think ; particularly as I expect that we shall 
bear something of the nature of respiration, and of the circulation of 
the blood ? 

Mrs. B. These functions usdoubtedly occupy a most important 
place in the history of the animal economy. But 4 must previously 
give you a very short account of the principal organs by which the 
various operations of the animal system are performed. These are : 

The B(mcs, 
Muscles, 
Blood vessels. 

Lymphatic vessels, ' ' 

Glands, and 
Nerves, 

The hones are the most solid part of the animal frame, and in a 
great measure determine its form and dimensions. You recollect I 

suppose what are the ingredients which enter into their composition. 

' ■ ■ III , 

1329. How is ivory black made ^ 

1330. What is the subject of the 24th conversation ^ 

1331. What is nntrition } 

1332. What are the principal organs by which the tarions ope- 
rations of the animal system are performed ? 
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Car9li$ie. Tes; pboepbat of lime, Gemented by gelatine. 

Jdn.B, Daring the earliest period of ammaf life, they consist 
almost entirely of gelatinoos membrane, having' the form of the 
bones, but of a loose spongy texture, the cells or caFities of which 
are destined to be filled with phosphat of lime ; it is the gradual ac- 
quisition of this salt which g^res to the bones their sabsequent 
hardness andturability. infants first receive it from their moth- 
ers' milk, and afterwards derive it from all animal and from most ve- 
getable food, especially farinaceous substances, such as wheat-floar 
which contains it in sensible quantities A portion of the phosphat, 
after the bones of the inftuit have been sufficiently expanded and 
solidified, is deposited in the teeth, which consist at first onl^ of a 
gelatinous membrane, or case, fitted for the reception of this salt; 
and which, after acquiring hardness within the g^ain, gradualiy 

protrude from it. ... 

Caroltne. How very curious this is ; and how ingeniously nature 
has provided for the solidification of such bones as are immediately 
wanted, and afterwards for the formation of the teeth, which would 
not only be useless^ but detrimental in infancy. 

Mrs. B. In quadrupeds, the phosphat <>f lime is deposited like- 
wise in their horns, and the hair or wool with which they are gen- 
erally clothed. 

In birds it serves also to harden the beaks and the quills of tbeir 

feathers 

When animals are arrived at a state of maturity, and their bones 
have acquired a sufficient degree of solidity, the phosphat odiioe 
which is taken with the food is seldom assimilated, excepiing when 
the female nourislies her young ; it is then all secreted into the 
milk, as a provision for the tender bones of the nursling. 

Emily. So that whatever becomes superfluous to one being, w 
immediatety wanted by another ; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed, an admirable economist ! 

Caroline, Pray. Mrs. B , does not- the disease in the bones of 
children, called the rickete proceed fiom a deficiency of phosphat 

of lime P 

Mrs. B. 1 have heard that this disease mjiy arise from two caus- 
es ; it is sometimes occasioned by the growth of the muscles being 
too rapid in proportion to that of the bones. In this case the weight 
of the flesh is greater than the bones can support, and presses upon 
them J50 as to produce a swelling of the joints, which is the gresi 
indication of the rickets. 

The other cause of this disorder is supposed to be an imperfect di- 

1333. What are the ingredients that enter into the composition 

of bones P 

1334. What gives to bones their hardness and durability? . ^ 

1335. Whatis the state ofbones in the early periodsofanimallife^ 

1336. Whence is the phosphat of lime necessary in the formation 
of bones obtained ? 

1337. How are teeth formed ? ' j 

1338. What gives the horns of quadrupeds and the beato lod 

quills of birds their hardness ? 

1339. Whed is the phosphat of lime assimilated in adult ammft»- 

1340. How is the disease called rickets occasioned ? 
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geation and asamflatioa of the food, attended with an exceai of 
acid, which cennteractB the ibrmatioD of pbosphat of lime. In both 
iDstances, therefore, care should be taken to aiter the child's diet, 
not merely by increasing the quantity of aliment containing* pbos- 
phat of lime, but also by avoiding all fciod that is apt to turn acid on 
the stomach, and to produce indigestion. But the best preserva- 
tive af^'ainst complaints of this kind, is no doubt good nursing : 
when a child has plenty of air and exercise, the digestion and as- 
similation will be properly perf rmed, no acid will be produced to 
interrupt these functions, and the muscles and bones will grow to- 
gether in just proportions. . 

Caroline. I have often heard the rickets attributed! to bad nurs- 
ing, but I never could have guessed wtiat connexion there was be- 
tween exercise and the formation of the bones. 

Mrs. B. Exerci&e is generally beneficial to all the animal func- 
tions. If man is destin^ to labour for his subsistence^ the bread 
which he earns is scarcely mote essential to bis health and preser- 
vation than the exertions by which he obtains it. Those whom 
the gifls of fortune have placed above the necessity of bodily labour, 
are compelled to take exercise in some mode or other, and wben 
they cannot convert it into an amusement, tt icy must submit to it as 
a task, qr their health will soon experience the^effects of their indo- 
lence. 

Emily. That will never be my case; for exercise, unless it be- 
comes fatigue, always g^ves me pleasure ; and so far from being a 
task, is to me a source of daily enjoyment. I often think what a 
blessing it is, that exercise, which is so conducive to health, should 
be so delightful ; whilst fatigue, which is rather hurtful instead of 
pleasure, occasions painful sensations. So that fatigue, no doubt, 
was intended to moderate our bodily exertions, as satiety puts a lim- 
it to our appetites. 

JIfrf. B. (/ortainly. — But let us not deviate too far from our sub- 
ject. The bones are connected together by ligaments, wDich con- 
sist of a white, thick flexible substance, adhering to their extremi- 
ties so far as to secure the joints firmly, though without impeding 
their motion And the joints are, moreover, covered by a solid, 
smooth, elastic, white substance, called caWi/og'e the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easily, 
over one another,so that the joints may perform their office without 
difficulty or detriment. 

Over the bones the muscles are placed ; they consist of bundles 
df fibres, which terminate in a kind of string, or ligament, by which 
they are fastened to the bones. The muscles are the organs of mo- 
tion ; by their power of dilatation and contraction, thev put into ac- 
tion the bones, which act as levers in all motions of the body, and 
form the solid support of its various parts The muscles are of va- 
rious degrees of strength or consistence, in different species of ani- 
mals. The mammiferous tribe, or those that suckle their young, 
seem, in this respect, to occupy an intermediate place between 
birds and cold-blooded animals, such as reptiles and fishes. 

Emily. The different degrees of firmness and solidity in the mas. 

1341. What precaution may be taken against this disease ? 

1342. How are the bones of an animal system confined togetheri' 

1343. By what are the joints covered ? 

1344. By what are the organs of motion .' 



298 OF TBS 15IMiX ECONOMY. 



m • 

cles of these several species of animals, proceed, I imagine, fron 
the different nature of the food on which they snhsist. 

J^n B, No, that is not supposed to be the case ; for the hnman 
species, who are of themammiferous tribe, live on more snbstsuatial 
food than birds; and yet die latter exceed them in mascnlar 
strength. We shall, hereafter, attempt to account for this differ- 
ence ; but let us now proceed in the examination of the animal 
functions. 

The next class of organs is that of the veneit of the body, the of- 
fice of which is to convey the various fluids throughout the fraote. 
These vessels are innumerable. The roost considerable of them are 
those through, which the blood ciroulates, which are of two kinds ; 
the arteriefi which c(nivev it from the heart to the extremities of 
the body, and the vetn«, which bring it back into the heart. 

Besides these, there are a numerous set of small transparent ves- 
sels, destined to absorb and convey different fluids into the blood ; 
they are generally called the abuorient or iympfuUit vessels ; but 
it is to a portion of them only, that the function of conveying into 
the blood the fluid called lymph is assigned. 

Emily. Pray what is the nature of that fluid ? 

J^rs. B. The nature and use of the lymph have, I believe, never 
been perfectly ascertained ; but it is supposed to consist of matter ' 
that has been previously animalized, and which, after answering 
the purpose for which it was intended, must, in regular rotation, 
make way for the fresh supplies produced by nourishment. The 
lymphatic vessels pump up this fluid from every part of the system, 
and convey it into the veins to be mixck) with the blood which runs 
through them, and which is commonly called venous blood. 

Caroline. But does it not again enter into the animal system 
through that channel ? 

Jdrs. B. Not entirely ; for the venous blood dices not retura io- 
tothe ciroulation until it ha? undergone a peculiar change, in which 
it throws off whatever is become useless. 

Another set of absorbent vessels pump up the chyle from the 
stomach and intestines, and convey it, after many circumvolutions, 
into the great Vein near the heart.* 

Efnily. Pray, what is chyle .' 

JUrt, B. It 18 the substance into which food is converted by di- 
gestion. 

Caroline, One set of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
Whilst the other set is busy in conveying into the blood the new ma- 
tibrials that are to replace them ? 

* This is a mistake. The chyle is conveyed into (he trunk of the 
absorbent system, called by anatomists the thoracic dwA. This runs 
in a serpentine direction along the internal side of the back bone, 
up to the iubcUman vetn, which lies under the collar bone. Into 
this vein the chyle is discharged, and mixes with the blood, and he- 
fore it reaches the heart, it is converted into blood itself.^C. ' 



1345. For what purpose are the arteries ? 

1346. For what purpose are the veins ? 

1347. What are lymphatic restels ? 

1348. What 18 chyle? 
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EmUjf. What a-rreat variety of ingredients must enter into the 
composition of the Mood ! 

Mrs* B* Ton must observe that there is also a gpreat variety of 
substances to foe secreted from it. We mav compare the blood to a 
general receptacle or storehouse for all kinds of commodities, which 
are afterwards fashioned, arranged, and disposed of, as circumstan- 
ces require. 

There is another set of absorbent vessels in females, which is des- 
tined to secrete milk for the nourishment of the young. 

Emily, Pray is not milk very analogous in its composition to 
blood ; tor, since the nursling derives its Dourishmeot from that 
source only, it must contain every principle which the animal sys- 
tem requires. 

Jfrs. B, Very true. Milk is found, by its analysis, to contain the 
principal materials of animal matter, albumen, oil, and phosphatof 
lime; so that the suckling has but little trouble to 'digest and assi- 
milate this nourishment. But we shall examine the composition of 
milk more fully afterwards. 

In many parts of the body, numbers of small vessels are collected 
together in little bundles ; called glands^ from a Latin word, mean- 
ing acbrn^ on account of the resemblaoce which some of them bear 
in shape to that fruit. The functions of the glands is to secrete^ or 
separate certain matters from the blood. 

The secretions are not only mechanical, but chemical separations 
from the blood ; for the substances thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions 
are of two kinds; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
of the animal system, for. the nurpose of recruiting and nourishing 
the several organs of the body ;' such as albumen, gelatine, and 
fibrine ; Uie latter may be distinguished by the name of nutriiive 
secreHoM. 

Caroline, I am quite astonished to hear that all the secretions 
should be derived from the blood. 
Emily, I thought that the bile was produced by the liver. 
Jlfrt. B. So it is; but the liver is nothing more than a very laige 
gland, which secretes the bile from the blm)d. 

The last of the animal oreans which we have mentioned are the 
nerves ; these are the vehicles of sensation, every other part of the 
body being, of itself, totally insensible. 

daroline. They must, then, be spread through every part of the 
frame, for we are every where susceptible of feeling. 
Emily. Excepting die nails and the hair. 
Jlfrt. B. And those are almost the only parts in which nerves 
cannot be discovered. The common source of all the nerves is the 
brain : thence they descend, some of them through different aper- 
tures in the skull, but the greatest part through the back bone, and 
extend themselves by innnmerable ramifications throughout the 

1349. To what may the blood be compared ? 
1350 Of .what does milk consist ^ 

1351. From what do the glands derive their name.^ 

1352. What is their use? 

1353. How many kinds of secretions are there, and what are they .' 
1364. What are the nerves? 

1355. What is jthe oommoQ source of the nerves i 
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whole body. They spread themselyes over the nniscles, penetrate 
the glands, wind round the vascular system, and even pierce into 
the interior of the bones. It is most probable throag^h them that the 
communication is carried on between the mind and the other parts 
of the body; but in what manner they are acted on by the mind, 
and made to re act on the body, is still a profound secret. Man; 
hypotheses have«been formed o this very obscure subject, but tbey 
are all eaually improbable, and it would be useless for us to waste 
our time m conjectures on an inquiry, which, in all probability, is 
beyond the reach of human capacity. 

Caroline, But you have not mentioned those particular nerves 
that form the senses of hearing', seeing, smelling, and tasting? 

Mrs. B. They are considered as being of the same nature as 
those which are dispersed over <very part of the bod^, and consti- 
tute the general sense of feeliog^ The different sensations which 
they produce, arise from their peculiar situation andconnexioD with 
the several organs of taste, smell, and bearing. 

Emily. But these senses appear totally different from that of feel- 
mg? 

JITrs. B. They are all of them sensations, but variously modified 
according to the nature of the different oi^ans in which the nerves 
are situated. For, as we have formerly observed, it is by contact 
only that the nerves are affected.— Thus odoriferous particles must 
strike upon the nerves of the nose, m order to excite the sense of 
smelling ; in the same manner that taste is produced by the parti- 
cular substance coming in contact with the nerves of the tongue. 
It is thus also that the sensation of sound is produced by the concus- 
sion of the air striking against the auditory nerve; and sight is the 
efiect of the light falling upon the optic nerve. These various sen- 
ses, therefore, are affected only by the actual contact of particles of 
matter, in the same manner as that of feeling 

The different orgrans of the animal body, though easily separated 
and perfectly distinct, are loosely connected together by a kind of 
spongy substance, in texture somewhat resemblinfl^ het* work, called , 
the cellular membrane ; and the whole is covered by the skin. 

The fKctn, as well as the bark of vegetables, is formed of three 
coats. The external one is called the cuticle or epidermis ; the se- 
cond, which .is called themticotM mem6ran«, is of a Ihm, soft texture, 
and consists of a mucous substance, which, in negroes is black, aud 
is the cause of their skin appearing of that colour. 

Caroline. Is then the external skin of negroes white like ours? 

Jlfrt . B. Tes ; but as the cuticle is transparent, as well as porous, 
the blackness of the mucous membrane is visible through it. The 
extremities of the nerves are spread over this ^kin, so that the sen- 
sation of feeling is transmitted through the cuticle The internal 
covering of the muscles, which is properly the skin, is the thickest, 

1356. How are the nerves made subservient to the purposes of 
hearing, seeing, smelling, and tasting .' 

1357. By what are the different parts of the animal body connect- 
ed together? 

1358 Of bow many coats is the skin formed, and what ^re they 
eaiieci • 

1359. Where is the colour of the skin ? 

1360. If the colour is in the second co8t> why is it 80 easily seen? 
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the toughest, sDd the most resisting of the whole ;^ it is this mem- 
brane which is so essential in the arts, by forming leather when 
combined with tannin. 

The skin which covers the animal body, as well as those mem- 
branes that form the coats of the vessels, con^sts almost exclusive- 
ly of gelatine ; and is capable of being converted into glue, size, or 

The cavities between the muscles and the skin are usually filled 

with fat, which lodges in the cells of the membranous net before 

mentioned, and gives to the external form (especially in the human 

..figure) that roundnessj smoothness, and softness, so essential to 

beauty. 

Emily. And the skin itself is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and the va- 
riety and delicacy of its tints. , 

Jnrs, B, This variety and harmonious gradation of colours^ pro- 
ceed, not so much from the-skin itself, as from the internal organs 
which transmit their several colours through iu these tints being only 
softened and blended by the colour of the s^n, which is uniformly 
of a yellowish white. 

Thus modified, the darkness of theVeins appears of a pale blue 
Colour, and the floridness of the arteries is changed to a delicate 
pink. In the most transparent parts, the skin exhibits the bloom 
of the rose, whilst where it is more opaque, its own colour predomi- 
nates ; and at the joints, where the bones are most promilient, their 
whiteness is often discernible. In a word, every part of the human 
frame seems to contribute to its external ornament ; and this not 
merely by producing a nleasing variety of tiiits, but by a peculiar 
kind of beauty which belongs to each individual part. Thus it is to 
the solidity and arrangement of the bones that the human figure 
owes the grandeur of its stature, and its firm and dignified deport- 
inent The muscles delineate the form, and stamp it with energy 
and grace* and the soft substance which is spread over them smootns 
their ruggedness, and g^ves to the contour the gentle undulations of 
'the line of beauty. Every organ of sense is a peculiar and separate 
ornament ; and the skin, which polishes the surface, and gives it 
that charm of colouring so inimitable by art, finally conspires }o 
render the whole the fairest work of the creation. 

But now that we have seen in what manner the animal frame is 
ibrmed, let us observe how it provides for its support, and how the 
several organs, which form so complete a whole, are nourished and 
maintained. 

This will lead us to a more particular explanation of the internal 
orgfans : here we shall not meet with so much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
view; but the beauty of design, in the internal organization of the 
animal frame, is, if possible, still more remarkable than that of the 
external parts. 

We shall defer this subject' till our next interview. 

1361. Of what does the skin consist ? 

'1363. On what is the human complexion or colour depending be- 
lides the skin ? 

26 
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CONVERSATION XXV. 
ON ANIMALISAtlON, NUTRITION, AND RESPIRATIGl*. 

JUrs. B. We have now learnt of what materials the animal sys- 
tern is composed, and have formed some idea of the nature of its or- 
gpanization. In order to complete the subject, it remains for us to 
examine in what manner it is nourished and suiarported. 

Vegetables, we have observed, obtain their nourishment from va- 
rious substances, either in their elementary state, or in a very sim- 
ple state of combination ; as carbon, water, and salts, which they 
pump up from the soil ; and carbonic acid and oxygen, which they 
absorb from the atmosphere. 

. Animals, on the contrary, feed on substances of the most comph- 
^ated kind ; for they derive their sustenance, some from the animal 
creation, others from the vegetable kingdom, and some from both. 

Caroline. And there is one species of animals^ which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of ren- 
dering eveiithe mineral kingdom subservient to its refinements. 

Emily, Nor is this all ; for our delicacies are collected from the 
various climates of the earth, so that the four quarters of the globe 
are often obliged to contribute to the preparsition of our simplest 
dishes. 

Caroline, But the very complicated substances which constitute 
. the nourishment of animals, do not, I suppose, enter into the sys- 
tem in their actual state of combination? 

Jtfrs, B. So far from it, that thev not only undergo a new ar- 
rangement of their parts, but a selection is made of such as are 
most proper for the nourishment of the body, and those oply enta 
into the system, and are animalised. 1 

Evfdhjf* And by what organs is this process performed? 

Jtfr^.'B. Chiefly by the stomach, which is the oi^gan of digestioO) 
and the prime regulator of the animal frame. 

Digestion is the first step towards nutrition. It consists in riedu- 
Cing mto one homogeneous mass the various substances that are 
taken as nourishment ; it is performed by first chewing and mixing 
the solid aliment with the saliva, which reduces it to a. soft mass,iB 
which state it is conveyed into the stomach, where it is more com- 
pletely dissolved by the gastric juice. 

Tins fluid (which is secreted into the stomach by appropriate 
glands) IS so powerful a solvent, that scarcely any substances will 
resist its action. 

Emily, The coats of the stomach, however, cannot be attacked 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

» " *' ' '■ ' I II I I I.I I . . , .1 .III , I, I I ^^^ ^^,^,, , , ^.jijw^^,,,,,^^,^,^^ 

}d63. What is the subject of the 25th conversation? 
' 1364*. Do the substances which constitute the nourishment of ani- 
jnals enter into their system, in their actual state of combination f 

1365. Where is the digestion performed ? 

1366. What is the first operation in digestion? 
^367. What office is pertorroed by the gastric juice | 
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Jtfr*. B, They are probably not snbjeet to its action ; as long^, at. 
least, as life continues. But it appears, that when the gastric juice 
has no foreign substance to act upon, it is capable of occasioning a 
degree of irritation in the coats of the stomach, which produces the 
sensation of hunger. The gastric juice, together with the heat and 
muscular action of the stomach, converts Uie aliment into an uni- 
form, pulpy mass, called chyme This . passes into the intestines, 
where it meets with the bile and some othor fluids, by the agency of 
which, and by the operation of other causes hitherto unknown, the 
chyme is changed into chyle, a much thinner substance, somewhat 
resembling milk, which is pumped by immense numbers of small 
absorbent vessels spread over the internal surface of the intestines. 
These, after many circumvolutions, gradually meet and unite into 
large branches, till they at length collect the chyle into one vessel, 
which pours its contents into the great vein nfear the heart, by which 
means the food, thus prepared, enters into the circulation. 

Caroline. But I do not yet clearly understand how the blood, thus 
formed, nourishes the body and supplies all the secretions ? 

J^rs. B. Before this can be explained to you^ you must first allow 
me to complete the formation of the blood. The chyle may, indeed, 
be considered as forming the chief ingredient of blood: but this fluid 
is not perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated) certain neces- 
sary changes that are effected by respiration. 

daroline. I am very glad that you are going to explain the nature 
of respiration : 1 have often longed to understand it ; for though we 
talk incessantly of breathings I never knew precisely what purpose 
it answered. 

Mrs. B. It is, indeed, one of the most interesting processes ima- 
ginable ; but in order to understand this function well, it will be 
necessary to enter into some previous explanations. Tell me, 
£mily, what do you understand by respiration ? 

Emily. Respiration, I conceive, consists simply in alternately in- 
spiring^ air into the lung^, and expiring it fW)m them. 

Jdrs. B. Your answer will do very well as a general definition. 
But, in order to form a tolerably clear notion of the various phenom- 
ena of respiration, there are many ciscums<ABoes to be taken into 
consideration. 

Id the first place, there are two things to be distinguished iii res- 
piration, the mechanical and the chemical part of the process. 

The mechanism of breathing depends on the alternate expansions 
and contractions of the chest, in which the lungs are contained. 
When the chest dilates, the cavity is enlarged, and the air rushes in 
at the mouth, to fill ap the vacuum formed by this dilatation; when 
it contracts, the cavity is diminished and the air forced out again. 

1368. How is the sensation of hunger produced ? 

1369. At what state of animalisation is tbe aliment called chyme ^ 
1370.. Into what is it next changed? 

1371. How does chyle differ from chyme ? 
137^ What forms the chief ingredient of blood ? 
1373. What is respitation ? 
» 1374. On what depends the mechanism of breathing ? 
1376« What takes place when the chest dilates i 
1376. What takes place w^eo it contracts ? 
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of Ifreatbing. 



Caroiwe. I thought that it was the longs that contracted and ex- 
panded in breathing. 

Mrs, B» They do likewise ; but their action is onlv the conse- 
quence of that of the chest* The lungs, together with the heart and 
largest blood vessels, in a manner fill up the cavity of the ch^t; 
they could not, therefore, dilate, if the chest did not previously ex- 
pand ; and, on the other hand, when the chest contracts, it com- 
presses the luogs, and forces the air out of them. 

Caroline, The lungs, then, are like bellows, and the chest is the 
power that works them. 

(Fig. 36.) 

•Mr 8. B. Precisely so. Here is a curious Apparatw to 'Jj«8f^ **>« mechanis 
1 ittle figure which will assist me in explain- ' ^ ^ 

ing the mechanism of breathing. 

Caroline, What a droll figure ! a little 
bead fixed upon a glass bell, with a bladder 
tied over the bottom of it. 

Mrs. B. You must observe that there is 
another bladder within the fflass, the neck 
of which communicates with the mouth of 
the fis-ure— this represents the luugs con- 
tained within the chest ; the other bladder, 
which you see is tied loose, represents a 
muscular membrane, called the dia' 
phragm^ which separates the chest from 
the lower part of the body. By the chest, 
therefore, 1 mean that large cavity in the 
upper part of the body contained within the 
ribs, the neck, and the diaphragm ; this 
membrane is muscular, and capable of con- 
traction and dilatation. The contraction 
may be imitated by drawing the bladder 
tight over the bottom of the receiver, as 1 
can easily do by squeezing it in my hand, 
when the air in the bladder, which repre- 
sents the lungs, will be forced out through 
the mouth of the figure.— . ^' ^\^^^ 'f "* ^n «^"!?f '* 

* preseotiogf the lung^. C B udder re- 

. preaenttng the Diaphr&ifm. 

Emily, See, Carohoe, how it blows the flame of the candle in 
breathing! 

Mrs. a. By letting the bladder loose again, we imitate the dila- 
tation oi the diaphragm, and the cavity of .the chest being enlarged, 
the lungs expand, and the air rushes in to fill them. 

Emily, This figure, I think, gives a very clear idea of the process 
of breathing. 

Mrs, B, It illustrates, tolerably well, the action of the lungs and 
diaphragm; but those are not the only powers concerned in the en- 
largement or diminution of the cavity of the chest ; the ribs are also 
possessed of a muscular motion for the same purpose ; they are al- 
ternately drawn in, edgeways, to assist the contraction, and stretch- 

1377. On what does the expansion and contraction of the luDgs 
depend ? 

1378. What part of the body is called the chest ? ^ 

1 379. How would you explain figure 36 ? 
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ed out, like the hoops of a barrel, to cootribate to the dilatation of 
the chest. 

Emily, I always supposed that the elevation and depression of 
the ribs irere the consequence, not the cause, of breathing. 

JUrs. B, It is exactly the reverse. The muscular action of the 
diaphragm, together with that of the ribs, are the causes of the con- 
traction and expansion of the chest ; and the air rushing into, and 
being expelled from the lungs, are only corueqttences of those ac- 
tions. 

Caroiine, I confess that f thought the act of breathing begfan by 
opening the mouth for the air to rush in, and that it was Uie air 
atone, which, by alternately rushing in &nd out, occasioned the di- 
latations and contractions of the lungs and chest. 

JIf r«. B. Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscular action you pro- - 
duce a vacuum— yes, just so, vour diaphragm is now dilated, and the 
ribs expanded -But you will not be able to keep them long in that 
situation. Your lungs and chest are already resuming their former 
state, and expelling the air with which thev had just been filled. 
This mechanism goes on more or less rapidly ; but, in general, a 
person at rest and in health will breathe between fifteen and twenty- 
five times in a minute. 

We may now proceed to the chemical effects of respiration ; but, 
for this purpose, it is necessary that you should previously have 
some notion of the circulation of the blood. Tell me, Caroline, 
what do you understand by the circulation of the blood ? 

Caroline. I am delighted that you come to that subject ; for it is 
one that has long excited my curiosity. But 1 cannot conceive how 
it is connected with respiration. The idea I have of the circula- 
tion is« that the blood runs from the heart through the veins all 
over the body, and back again to the heart. 

Mrs. B- 1 could hardly have expected a better definition from 
you : it is, however not quite correct ; for you do not distinguish 
the arteries from the veins, which, as we have already observed, 
are two distinct sets of vessels, each having its own peculiar func- 
tions. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketch will give you an idea of the manner in which some of 
the principal veins and arteries of the human body branch out of the 
heart, which may be considered as a common centre to both sets of 
vessels. The heart is a kind of strong elastic bag, or muscular ca- 
vity, which possesses a power of dilating itself, for the purposes of 
alternately receiving and expelling the blood, in order to carry on 
the process of circulation. 

Emily, Why are the arteries in this drawnig painted red, and 
the veins purple ? 

Mrs, B, It is to point out the difference of the colour of the 
blood in these two sets of vessels. 



1380. What office do the ribs perform? 

1381. What causes the contraction and expansion of the chest ? 

1382. How many'times will a person, well and at rest breathe In 
■linute.' 

1983, In what muiier is the circnlatioii of blood carried on ? 
>384. How is the betfrt described ? 

26* 
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CaroUni, But if it it the same blood which flowa from the ftrl«^ 
ries into the veins, how can its coloar be changed f 

•Afir*. B. This change arisea from vartoos ciroamstances. In the 
firat place, darinr its paasa^ through the arteries, the blood ander* 
goes a considerable alteration, some of its constituent parts beiog 
graduailj separated from it for the purpose of nourishing the body, 
and of sop plying the yarious secretions, i n consequence i^ this, the 
florid arterial coloar of the blood changes by degrees to a deep p1l^ 
pie, which is its constant colour in the veins. Oo the other hand, 
the blood is recruited during its return through the veins by the fresh 
chyle, or imperfect blood, which has been produced by food ; and it 
receives also Ivmph from the absorbent vessels, as we bave before 
mentioned. After having undergone these several changes, the 
Uood returns to the heart in a state very different from that in 
which it left it. It is loaded with a greater jproportion of hvdrbgen 
and carbon, and is no lon^r fit for the nourishment of the oody, or 
other purposes of circulation. >■ 

Emily. And in this state does it mix in the heart with the pore 
florid blood which runs into the arteries? 

Mrs. B. No. The heart is divided into two cavities, or compaf' 
titions, called the right and i^ ventricles. The left rentricle is the 
receptacle for the pure arterial blood, previous to its ctrcolatioo; 
whilst the venous, or impure blood, which returns to the heart after 
having circulated, is received into the right ventricle, previous to 
its puriflcatioo, which I shall presently explain. 

Caroline. I own that I always thought the same blood circulated 
again and ag^in through the body, without imdergoing any cbaoge. 

J\ir8, B. Yet yon must have supposed that the blood circulated 
for some purpose. 

Caroling* I knew that it was indispensable to life ; but bad do 
idea of its real functions. 

Mrs, B, But now that you understand that the blood conveys 
nourishment to every part of the body, and supplies the various se* 
cretions, you must be sensible that it cannot constantly answer these 
objects without being proportionally renovated and purified. 

Caroline. But does not the chyle answer this purpose ? 

Mrs. B. Only in part. It renovates the nutritive principles oi 
the blood, but does not relieve it from the superabundance of water 
and carbon with which it is encumbered. 

Emily, How, then, is this effected P 

Jlfrf . B. By Respiration. This is one of the grand mysteries 
which modem chemistry has disclosed . W ben the venous blood en- 
ters the right ventricle of the heart, it contracts, by its muscular 
power, and throws the blood through a large vessel mto the lungs, 
which are contiguous, and through which it circulates by millioDBof 

1385< How does the arterial differ from the venous blood ? 

1386. Does the venous blood mix with the arterial in its reC«m 
to the heart? 

1387. How is nottrishraeot conveyed todifferent parts of the bodv-^ 
13S8. How doea the chyle serve to renovate and purify the blood 
1389. Howis the blood relieved from its sttperabundanoe of water 

and carbon f 
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small ramificatiotts. Here it comes hi contact'*' with the air which 
we breathe. The action of the air on the blood in the lungs, is in- 
deed, concealed from our immediate observation ; but we are able 
toforra a toletable accurate jndgment of it from the changfes which 
it ellectSy not only in the blciod, but also on the air expired. 

The air, after passing through the lungs, is found to contain all the 
nitro^^n inspired, but to have lost part of its oxygen, and to hare 
acquired a portion of watery yapour, and of carbonic acid gas.-^ 
Hence it is inferred, that when tne air comes in contact wilh the 
renous blood isa the lungs, the oxygen attracts from it the supera- 
bundant quantity of carbon with which it has impregnated itself du- 
ring the circulation, and conrerts it into carbonic acid. This gas- 
eous acid, together with the redundant moisture from the lungsf 
being then expired,the blood is restored to its former purity ,thas is, 
to the state of artenal blood, and is thus again enabled to perform 
its various functions. 

CkLtoiine, This is truly wonderful ! of all that we have yet learn- 
ed, I do not recollect any thing thathas appeared to me so curious 
and interesting I almost believe that I should like to study anat- 
omy now, though I have hitherto had so disgustine an idea of it. 
Prav, to whom are we indebted for these beautiful discoveries P 

Mrs. B. Priestly and Crawford, in this coi)ntr>', and Lavoisier, 
in France, are the principal inventors of the theory of respiration. 
Of late years the subjeet bat been farther illustrated and simplified 
by the accurate experiments of Messrs AUyn and Pepys. But the 
still more important and more admirable discovery of the circula- 
tion of the blood was made long before by our immortal country- 
man, Hervey. 

Emily » Indeed, I 'tiever heard any thing that delighted mc so 
much as this theory of respiration. But I hope Mrs. B., that '^oa 
will enter a little more into particulars before you dismiss so in- 
teresting a subject. We left the blood in the lungs to undergo the 
salutary change : but how does it thence spread to all the parts of 
the body f 

Mm. B. After circulating tiirough the lungs, the blood is collec- 
ted into four large vessels^ by which it is conveyed into the left ven« 
tricle of the heart, whence it is propelled to all the different parts 
of the body by a large artery, which gradually ramifies into nnil- 
lions of small arteries threogh the whole frame. From the extremi- 
ties of these little ramifications the blood is transmitted to the veins, 

* Not in actual contact. In this case it is obvious there would be 
nothing to confine the blood and prevent . its flowing out. The air 
cells are separated from the blood vessels by an extremely thin 
membrane.— C • 

t The quantity of moisture discharged by the lungs in 24 hours, 
may be computed at eight or nine ounces. 

' II ■ ■ ' II I !■- ■ I I I I . ■ ■ .1 - II I I » I ... . 

1390. What effect does respiration have on the air we breathe ? 

1391. What becomes of the Mood when it has become purified in 
circulating through the longs ? 

139S. w ho were the inventors of the received theory of respira^ 

tion? 

1393. Who disooivered the circulation oi the blood ? 

1394. After the blood is purified in the limgs, how is it spread to 
the rarious parts of the body ? 
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which bring it back to ttM heart and loon, tofeo nmiid again and 
again in the manner we ha^e jast detcribed. zou see, therefore, 
that the blood actvally nnder^oes two circnlatioos ; the one, 
through the lungs, bj which it is conrerted into pure arterial 
blood ; the other a general circulation by which nouiishinent is 
conveyed to everv part of the body; and these are both equally 
indispensable to the support of aoiinal life. 

Emily- But whence proceeds the carbon with which the blood is 
impregnated when it comes into the lungs? 

Mrt, B. Carbon exists in a greater proportion in blood than in 
organized animal matter. The blood, therefore, after supplying its 
various secretions, .becomes loaded with ao OLcess of carbon, wnicb 
is carried off by respiration : and the formation of new chyle from 
the food affords a constant supply of carbonaceous matter. 
. Caroline* I wonder what quantity of carbon may be expelled 
from the blood by respiration in the course of 24 hours ? 

Mrs. B. It appears by the experiments of Messrs. Allen and 
Pepys that about 40,000cubio inches of carbonic acid gas, are emit- 
ted from the lungs ofa healthy person, daily; which is equivalent 
to eleven ounces of solid carbon every 24 hours. 

Emily. What an immense quantity ! And pray how much of 
carbonic acid gas do^ vre e;(;pm from our lungs at each expiration ? 

JUrt. B. The quantity cmT air which we take into our lungs at 
each inspiration, is about 40 cubic inches, which contains a little less 
than 10 cubic inches of oxygen ; and of those 10 inches, one-eighth 
is converted into carbonic acid gas on passing once through the 
lungs,* a change sufficient to prevent air which has only been 
breathed once from suffering a taper to bum in it 

Caroline, Pray, how does air come in contact with the blood in 
the lungs ? 

Jtfr«. B, I cannot answer this question without entering into an 
explanation of the nature and structure of the lungs. Yon re- 
collect that the venous blood, on being expelled from the right ven- 
tricle enters the lungs to go through what we may call the lesser 
circulation ; the large trunk or vessel conveys its branches out, at 
its entrance into the luo|^, into an infinite number of very fine ram- 
ifications. The wind-pipe, which conveys the air from the mouth 
into the lungs, likewise spreads out into a corresponding number of 
air vessels, which follow the same course as the blood vessels, fi>rm- 
ing^ millions of very minute air-cells. These two sets of vessels are 
so interwoven as to form a sort of network, connected into a kind 
of spongy mass, in which every particle of blood must necessarily 
come in contact with a particle of air. 

* The bulk of carbonic acid gas formed by respiration, is exact- 
ly the same as that of the oxygen gas which disappears. 

. 1395. Whence proceeds the carbon with which the blood is im- 
pregnated on its return to the lungs ? 

!396. What quantity of carbon is expelled from the blood by res- 
piration in 24 hours ? 

. 1397. What is thequantityofairwe take into our lungtateaeh 
respiration ? 

1398. How dnes the air come in contact with the blood in the 
lungs? 
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Caroline. But since the blood and Uie air ar&contaiDed in different 
vessels bow can they come in contact ? 

J\Ir». B, They act on each other through the membrane .which 
forms the coats of these vessels ; for although this membrane pre- 
vents the blood and the air from mixing together in the lungs, yet it 
is no impediment to their chemical action on each other.* 

Emily, Ate the lungs composed entirely of blood vessels and air 
vessels ? 

JIfr*. J3. I believe they are, with the addition only of nerves and 
of a small quantitv of the cellular substance before-mentioned, which 
connects the whole into an uniform mass. 

Emily. Pray, why are the lungs always spoken of in the plural 
number ? Are there more than one ? 

J\Irs. J5. Yes ; for though they form but one organ, they really 
consist of two compartments, called /o&ev, which are enclosed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
being in close contact with each other, but without communicating 
together. This is a beautiful provision of nature, in consequence of 
which, if one of the lobes be wounded, the other performs the whole 
process of respiration till the first is healed. 

The blood, thus completed, by the process of respiration, forms 
the most complex of all animal compounds, since it contains not on- 
ly the numerous materials necessary to form the various secretions, 
as saliva, tears, &c. but likewise all those that are required to nour- 
ish the several parts of the body, as the muscles, bones, nerves^ 
glands, &;c.f 

"("It is not absolutely certain that the change which the blood un- 
dergoes in the lungs is entirely owing to the loss of carbon ; since 
experiments shew that any animal substance, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox- 
ygen and produces a corresponding quantitv of carbonic acid. It 
18 possible then, that the carbon produced oy respiration, may be 
owing merely to the contact between the air and the lungs. — C. 

f The process of secretion does not consist merely in thesejAra- 
ration of certain materials from the blood by the secreting organ ; 
but in many instances, entirely new products are formed, no traces 
of which have been detected in the blood. For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phoAphatoflime, (asubstdoce composini^ th« bosia of the bone,) is 
found in it. It appears, then, that the s^fands which are the organs 
of secretion, have the power of producing from the ultimate atoms 
of the blood, the variety of proaucts peculiar tox each. Thus, the 
glands situated about the eyes secrete the teaj^s, a saline, pellucid 
Huid ; while the liver secretes from the same source, the bile, a 
greenish, opake, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remain in profound ignorance, of 
any mode of imitating these operations.— 

1399. If the blood and air are contained in separate vessels, how 
can they come in contact ? 
1400 Are the lungs entirely composed of blood and air vessels ? 
1401. Why are the lungs spoken of in the plural number ? 
1 408. What forms the most complex of all ue aDimal compounds ? 
1 403* What is said oj secretvm in Me note ? 
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Emily. There seems to be a singular analogy between the blood 
of animalB and the sap of vegetables ; for each oi these floids con- 
tains the several materials destined for the nutrition of the numer- 
ous class of bodies to which tbe^ respectively belong. 

JIfrt. B» Nor is the production oi these fluids in the animal and 
vegetable sjrstems entirely different; for the absorbent vessels 
which pump up the chyle from the stomach and intestmes, may be 
compared to the absorbents of the roots of plants, which sock up the 
nourishment from the soil. And the analogy between the sap and 
the blood may be still further traced, if we follow (he latter in the 
course of its circulation ; for in the living animal, we find every 
where organs which are possessed of a power to secrete from the 
blood and appropriate to themselves the ingredients requisite for 
their support. 

Caroline. But whence do these organs derive their respective 
powers ? 

Mrs. B. From a peculiar orgfanization, the secret of which no 
one has yet been able to unfold. But it must be ultimately by 
means of the vital principle that both their mechanical and chem- 
ical powers are brought into action. 

I cannot dismiss the »ubject of circulation without mentioning 
penpiroHontSi secretion which is immediately connected with it, and 
acts a most important part in the animal economy. 

Caroline* Is not this secretion likewise made by appropriate 
glands ? 

J^rt. B. No ; it is performed by the extremities of the arteries, 
which penetrate through the skin and terminate under the cuticle, 
through the poreft of which the perspiration issues. When this flu- 
id is not secreted in excess, it is ingennble^ because it is dissolved by 
the air as it exudes from the pores ; but when it is secreted faster 
than it can be dissolved^it becomes sendble, as it assumes its liquid 
state. 

Emily. This secretion bears a striking resemblance to the trans- 
piration of the sap of plants. They both consist of the most fluid 
parts, and both exude from the surface by the extremities of the 
vessels through which they circulate. 

J^rs. B. And the analogy does not sto^ there ; for, since it has 
been ascertained that the sap returns into the roots of the plants, 
the resemblance between the animal and vegetable circulation is 
become still more obv4<m«. The latter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the blood actually dr- 
culaiea through everv part of the system. 

We have now, I think, traced the process of nutrition, from the 
introduction of the food into the stomach, to ks finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What further remarks we have to madke on the animal economy 
shall be reserved for our next interview. 



1404. What analogy is there between tift blood of animals and 
vegetables f 

1405. Whence do the several organs derive their respective pow- 

ers . 

1406. How does perspiration take place ? 

1407. When is perspiration insensible ^ 

1408. When does it become sensible? • 
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CONVERSATION XXVI. 

ON ANIMAL HEAT ; AND ON VARIOUS ANIMAL PRO- 

DUCTS. 

I 

Emily. Since bur last iDtervievr, I have been thinking mach of 
*tlie the theory of respiration ; and I cannot help being struck with 
the resemblance which it appears to bear to the process of combus- 
tion. For in respiration, as in most cases of combustion, the. air 
suffers a change, and a portion of its oxygen combines with carbon, 
producing camonic acid gas. 

•Mrs S. Izm much pleased that this idea has occurred to you : 
these two processes appear so very analogous, that it has been sup- 
posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it 

Caroline* A combustion in our lungs ! that is a curious idea in- 
deed ! But Mrs. B.. how can you caU the action of the air on the 
blood in the lung^ combustion, when neither light nor beat are pro- 
duced by it ? 

Emily* I was going to make the same objection. — Yet I do not 
conceive how the oxygen can combine with the carbon, and pro- 
duce carbonic acid without disengaging beat ? 

J^rs. B. The fact is that heat is disengaged. ''^ Whether any light 
be evolved, I cannot pretend to determine ; but that heat is prodUr 
ced in considerable and very sensible quantities is certain ; and 
this is the principal, ifnot the only source of animal heat. 

Emdly, How wonderful that the very process which purifies and 
elaborates the blood, should afford an inexhaustible supply of inter- 
nal heat ? 

Mrs. B. This is the theory of animal heat in its original simplici- 
ty, such nearly as it was first proposed by Black and Lavoisier. It 
* appeared equally clear and ingenious ; and was at first generally 
adopted. But it was objected on second consideration, that if the 
Whole of the animal heat was evolved in the lungs, it would necessa- 
rily be much less in the extremities of the body, than immediately at 
its source ; which is not found to be the case. ' This objection, bow- 
ever, which washy no means frivolous, is now satisfactorily removed 
by the following consideration :— -Venous blood has been found by 

' ^ It has been calculated that the heat produced by respiration in 
12 hours, in tiie lungs of a healthy person, is such as would melt 
about 100 pounds of ice. 
" •• — ■ ' * ■ ■ .. » «i ■■■,, j 

1409. What analogy isjtbere between respiration and combustion^* 

1410. What is the principal source of animal heat ^ 

1411. Wnat objection has been made to the hypothesis which as- 
■cfibes animal heat to respiration ? 

1412. If the whole of animal heat is evolved in the longs, why il 
it not less at the extremities of the body than at its source f 
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experiment to hare leu cemacUu for heai, than arterial blood ; 
tvlmnce it follows that the blood, in gradually passing from the ar- 
terial to the venous state, during the circulation, parts with a por- 
tion of caloric, bj means of which heat is diflfesed through every 
part of the body.* 

EmUy, More and more admirable ? 

Caroline. The cause of animal heat was always a perfect mystery 

* This is substantially Dr. Crawford's theory of animal heal ; and 
that it is a most beautiful and ingenious one, cannot be d^ied. Sub- 
sequent experiments have, however proved its fallacy. Dr. John 
Davy has shown that the difference of capacity for beat, between the 
two kinds of blood is much less than was supposed by Dr. Crawford ; 
the capacity of arterial being only one percent, above that of ven- 
ous blood. Now it is obvious that this minute difference cannot ac- 
count for animal temperature ; nor is it certain that even this small 
quantity of heat is given out to the system. Another objection is 
&e result of an experiment of Mr Brodie. This indeed seems to 
settle the question that animal heat does not depend on any change 
which the blood undergoes in the lungs. He found that on keepingr 
tip an artificial respiration in the longs of a decapitated animal, the 
blood was changea from black to red, and carbonic acid was g^v- 
en out as usual ; but that the animal grew cold faster than another 
dead one, where such arti6cial respiration was not kept up. 

This, it is obvious would be the case, unless heat was caused by 
respiration, as the air forced into the lungs would tend to cool the 
animal. 




body are incessantly employed to renew the solids ; when a fluid 
IS converted into a solid, heat or caloric is precipitated. This takes 
place every moment very gradually in every part of the system." 

We are ignorant of the train of arguments by which the learned 
Professor supports his theory. But, if on the one hand, the conver- 
sion of a fluid intoa solid produces heat, so it is equally well proved, 
that the conversion of a solid into a fluid produces cold. Now the 
solid parts of the body, afler being deposited from the fluids, are 
again converted into fluids by the absorbents. This theory, then, 
accounts for the production of heat only when the deposition is 
greater than the absorption, as during the growth of the system. 

From some experiments, made by Mr. Brodie, and Dr. Philip) 
they have been induced to believe that animal temperature depends 
On the influence of the nerves. 

In regard to this theory, it may be observed, that in some instan- 
ces where the nervous influence seems to be suspended, the heat or 
the part remains much the same as in health. 

This subject has excited the attention of the learned and curioas 
in all ages, and a great variety of theories have been oflTered to ao 

1413. JFhat objection is thereto Dr. Crawford's thedtry qfammai 
keaJt? 

1414. Wkal it Professor Cooper's theory of animal heat ? 

1415. What was the opinion of Jdr. Brodie^ and Dr^ Philips o» 
the tv^ecl of animal heat ? 
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to me, and I am delighted with its explanation. But pray Mre. B. , 
can you tell me what is the reason of the increase of beat that takes 
place in a fever P 

Emily. Is it not because ire then breathe quicker, and therefore 
more heat is disengaged in the system ? 

Jtfrs. J?. This may be one reason : but I should think that the 
principal cause of the heat experienced in fevers, is that there is no 
vent for the caloric which is generated in the body. One of the most 
considerable secretions is the insensible perspiration ; this is con- 
stantly carrying off caloric in a latent state ; but during the hot 
stage of a fever, the pores are so contracted, that all perspiration 
ceasea, and the accumulation of caloric in the body occasions those 
burning sensations which are so painful. 

HmUy* This is, no doubt, the reason why the perspiration which 
often succeeds the hot stage of a fever, affords so much relief. If I 
had known this theory of animal heat when I had the fever last sum- 
mer, I think 1 should have found some amusement in watching the 
chemical processes that were going on within me 

Caroline. But exercise likewise produces animal heat, and that 
must be quite in a different manner. 

JIfr*. B. Not so much as you think ; for the more exercise you 
take, the more the body is stimulated, and requires recruiting. For 
this purpose the circulation of the blood is quickened, the preath 
proportionally accelerated, and consequently a greater quantity of 
caloric evolved. 

Caroline, True ; after running very fast, I gasp for breath, my 
respiration is quick and hard, and it is just then that I begin to feel 
hot. 

Emily. It would seem, then, that violent exercise should produce 
fever. 

•/tfr#. B. Not if the person is in a good state of health ; for the 
additional caloric is then carried off by the perspiration which suc- 
ceeds. 

Emily. What admirable resources nature has provided for us! 
By the production of animal heat she has enabled us to keep up the 
temperature of our bodies above that of inanimate objects; and 
whenever this source becomes too abundant, the excess is carried 
off by perspiration. 

Jtfr*. B. It is by the same law of nature that we are enabled, in 
all climates, and in all seasons, to preserve our bodies of an equal 
temperature, or at least very nearly so. 

Caroline, You cannot mean to say that our bodies are of the same 
temperature in summer, and in winter, in England, and in the West 
Indies ! 



count for it. We have seen none, however, to which insuperable 
objections may not be brought. We must, therefore, at present be 
contented with attributing the production oi animal warmth to the 
energies of the vital principle ; leaving it to future generations to 
determme and define its immediate cause. — C. 

1416. What is the reason of heat in a fever ? 
'1!2* Su^ ^^* exercise produce an increase of animal heat? 
1418. Why does not violent exercise produce fevers ? 

27 
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Jtfrf. B. Yes, I do ; at least if you speak of the temperature of 
the blood, and the internal parts of the body : for those which are 
immediately in contact with the atmosphere, such as the bands and 
face, will occasionally get wanner, or colder, than the internal or 
more sheltered parts. If you put the bulb of a thermometer in your 
month, which is the best way of ascertaining^ the real temperature of 
your body, you will scarcely jpercei re any difference in its indica- 
tion, whatever may be the difference of temperature of the atmos- 
phere.' 

Caroline. And when I feel overcome by heat, I am really not 
hotter than when I am shivering with cold ! 

J^lrs. B. When a person in health' feels very hot, whether from 
internal heat, from violent exercise, or from the temperature of the 
atmosphere, his body is certainly a little warmer than when he feels 
very cold ; but this difference is much smaller than our sensations 
would make us believe ; and the natural standard is soon restored 
by rest and by perspiration. It is chieffy the external parts that are 
warmer, and 1 am sure you will be surprised to hear that the inter- 
nal temperature of the body scarcely ever descends below ninety- 
five or ninety-six degrees, and seldom attains one hundred and four, 
or one hundred and five degrees, even in the most violent fevers. 

Emily. The greater quantity of caloric, therefore, that we re- 
ceive from the atmosphere in summer, cannot raise the temperature 
of our bodies beyond certain limits, as it does that of inanimate 
bodies, because an excess of caloric is carried off" by perspiration. 

Caroline, But the temperature of the atmosphere, and conse- 
quently, that of inanimate bodies, is surely never so high as thai of 
animal heat. 

Mrs. B. I beg your pardon. In the East and West Indies, and 
sometimes in the southern parts of Europe, the atmosphere is fre- 
quently above ninety-eight degrees, which is the common tempera- 
ture ox animal heat. Indeed, even in this country, it occasionally' 
happens that the sun's rays, setting full on an object, devate its tem- 
perature above that point. 

In illustration of the power which our bodies have to resist the 
effects of external heat. Sir Charles Blagden, with some other gen- 
tlemen, made several very curious experiments. He remained for 
some time in an oven heated to a temperature not much inferior to 
that of boiling water, without snfienng any other inconvenience than 
a profuse perspiration, which he supported by drinking plentifully. 

Emily. He could scarcely consider the perspiration as an incon- 
venience, since it saved him from being baked by giving vent to the 
excess of caloric. 

Caroline. 1 always thought, I confess, that it was from the heat of 
the perspiration that we suffered in summer. 

Jars. B. You now find that you are quite mistaken .—Whenever 
evaporation takes place, cold, you know, is produced in^ conse- 
quence of a quantity of caloric being carried off* in a latent state ; 

1419. 'Does the degree of animal beat vary with the change of 
climate ? 

14^. How is it that the temperature of the body remains essen- 
tially the same in summer and winter, and in different climates? 
. 1421. What experiment was made by Sir Charles Kagden upon 
this subject f 
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tliis is the case with perspiration, and it is in this way that it affords 
relief. It is on that account, also, that we are so apt to catch cold, 
when in a state of profuse perspiration. It is for the same reason 
that tea is often, refreshing* in^ummer, though it appears to heat you 
at the moment jou drink it 

Emily, And m winter, on the contrary, tea is pleasant on account 
of its heat. 

•Mrs. B. Yes; for 'we have then rather to guard against a defi- 
ciency than an excess of caloric, and you do not find that tea will 
excite perspiration in winter, unless after dancing, or any other yio- 
lent exercise. 

Caroline. Wliat is the reason that it is dangerous to eat ice a^er 
dancing-, or to drink any thing cold when one is very hot ? 

Mrs. B. Because the loss of heat arising' from the perspiration, 
conjointly with the chill occasioned by the cold draught, produced 
more cold than can be borne with safety, unless you continue to use 
the same exercise after drinking that you did before ; for the heat 
occasioned by the exercise will counteract the effects of the cold 
drink« and the danger will be removed. You may, however, con- 
trary to the common notion, consider it as a rule, that cold liquids 
may at all times, be drunk with~ perfect safety, however hot you 
may feel,* provided you are not at the moment in a state of great 
perspiration, and on condition that you keep yourself in gentle ex- 
ercise afterwards. 

Emily* But since we are furnished with such resources against 
the extremes of heat and cold, I should have thought that all cli- 
mates would have been equally wholesome. 

•Mrs. B That is true, in a certain degree, with regard to those 
who have been accustomed to them from birth ; for we find that the 
natives of those climates, which we consider as roost deleterious, are 
as healthy as ourselves ; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy does not easily accustom itself to consi- 
derable changef^. 

Caroline. But, pray. Mrs. B. if the circulation preserves the 
bod}'' of an uniform temperature, how does it happen that animals 
are somefimes frozen ? 

•Afr*. B. Because, if more heat be carried off by the atmosphere 
than the circulation can supply, the cola will finally prevail, the 

* The common notion on this subject is certainly the most safe. 
A person heated, and almost exhausted by exercise on a hot day, 
ought never to drink any cold liquid, except in v.ory small quantities 
at a time. Not a summer passes but we bear of deaths by drinking 
cold water after violent exercise. — C. 

1422. Why are we apt to take cold in a state of profuse perspira- 
tion ? 

1423. Why is hot tea refreshing in warm weather of summer ? 

1424. Why is not a. quantity of caloric carried off by the use of 
hot drink in winter, as well as summer ? 

1425 Why is it dangerous to drink cold water when in a state of 
profuse perspiration ? 

1426. If the circulation preserves the body of a uniform tempera- 
ture, how does it happen that animals are sometimes frozen ? 
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heart will cease to beat, and the animal will be frozen. And, like- 
wise, if (he bod^ remained long exposed to a degree of beat, greater 
than the perspiration could carr^ off, it would, at least, lose the 
power of resisting its destructive influence. 

Caroline. Fish, I suppose, have no animal heat, but only partake 
of the temperature of the water in which they live.* 

Emily. And their coldness, no doubt, proceeds from their not 
breathing. 

Jlrs. B. All kinds of fish breathe more or less, though in a much 
smaller degree than land animals. Nor are they entirely destitute 
of animal heat, though, for the same reason, they are much colder 
than other creatures. They have comparatively but a very small 
quantity of blood, therefore but very little oxygen is required, and 
a proportionally small quantity of animal heat is generated. 

Carolinf. But how can fish bieathe under water? 

J^rs B. They breathe by means of the air which is dissolved in 
the water; and if jou put them into water, deprived of air by boil- 
ing, they are soon suffocated. 

If a fish is confined in a vessel of water closed from the air, it soon 
dies ; and any fish put in afterwards would be killed immediately, 
as all the air had teen previously consumed. 

Caroline. Are there any species of animals that breathe more than 
we do ? 

Mrs. B. Tes ; birds, of all animals, breathe the greatest quantity 
of air in proportion to their size ; and it is to this that they are sup- 
posed to owe the peculiar firmness and strength of their muscles, by 
which they are enabled to support the violent exertion of flying. 

This difference between birds and fish, which may be considered 
as the two extremes of the scale of muscular strength, is well worth 
observing. Birds, residing constantly with the atmosphere, sur- 
rounded by oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a superior degree of mus- 
cular strength, whilst the muscles of fish, on the contrary, are flac- 
cid and oily ;. these animals are comparatively feeble in their mo- 
tions, and their temperature is scarcely above that of the water in 
which they live This is, in all probability, owing to their imper- 
fect respiration : the quantity of h.vdrogen and carbon, that is in con- 
sequence accumulated i% their bodies, forms the oil which is so 

* Animals belonging to the order Tetse of Naturalists, though 
lliey inhabit the sea, breathe atmospheric air, and have hot, red 

blood. This order includes whalos, dolphins, narwals. &c. — C. 

— - — __^-^— ^— . 

1 427. VV hy are fish colder than land animals ? 

1428. How can they breathe under water.' 

1429. How can it be proved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air accord- 
ing to their size } 

1431. To what is the firmness and great strength of muscles in 
birds owing ? 

1432. To what is the oily nature offish and amphibious animals 
owing ? 
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sit o^ly cbdraicteristic ef that species of aoimals, aod which relaxes 
and softeDS the small quantity of fibrine which their musrlee coutain. 
Caroline, But, Mrs. B., there are sonrte species of biv-ds that fre- 
quent both elements, as, for instance, ducks and other water fowl. — 
Of what nature is the flesh of these? 

Mrs. B, Such birds, in general, make but little use of their 
wiD|^ ; if they fly, it is but feebly, and only to a short distance. — 
Their flesh, too, partakes of the oily nature, and even in taste some- 
times resembles that of fish. This is the case not ooly with the ya- 
rious kiods of water fowls, but with all other amphibious animals, as 
the otter, the crocodile, the lizard, &c. 

CaroHne, And what is the reason that reptiles are so deficient in 
muscular strength? 

Mrs. B, It is because they usually live under grbund, and seldom 
come into the atmosphere. They haye imperfect, and sometimes 
no discernible organs of respiration ; they partake, therefore, of the 
soft oily nature of fish ; indeed many of them are amphibious, as 
frog^, toads, and snakes, and yery few of them find any dificulty in 
reraaining- a length of time under water.* Whilst, on the contrary, 
the insect tribe^ that are so strong in proportion to their size, and 
alert in their motions, partake of the nature of birds, air beiuGr their 
peculiar element, and their organs of respiration being comparatiye- 
17 larger than in other classes of animals. 

f. I haye now given you a short account of the principal animal 
fonctiona. Howeyer interesting the subject may appear to you, a 
fuller iayestigation of it would, I fear, lead us too far from our 
object. 

Emiiy. Tet I shall not quit it without much regret ; for of -all the 
applications of chemistry, these appear to ine the most curious and 
most interesting. 

Carohtie. But, Mrs. B., I must remind you that you promised to 
giye us some account of the nature of milk, 

Mrs. B. True. There are several other animal productions that 
deserve likewise to be mentioned. We shall begin with milk, 
which is certainly the most important and the most interesting of 
all the animal secretions. 

Milk, like all other animal substances, ultimately yields by analy- 
sis, oxyfl^en, hydrogen, carbon, and nitrogen. These are combined 
in it under the forms of albumen, gelatine, oil, and water. But milk 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I hare already pointed oat. 

* Amphibious animals haye the power of suspending respiration 
for a considerable time, it is in consequence of this, that they are 
enabled to liye under water.— C. 

1433. What is the nature of the flesh of amphibious animals ? 

1434. Why are reptiles so deficient in moscular strong^ ? 

1435. ffoiD are amphibious asiimals enabled io remain a long time 
tmdarwater? 

1436. What are the iBgradientt of milk? 

1437. Into what may milk be decomposed without any chemical 

«7* 
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Carolintx Tea ; it is this salt which senres to Dourish the tender 
bones of the suckling^. 

Mr 9. B. Tu reduce milk to its elements, would be a very com- 
plicated, as well as useless operation ; but this fluid, without any 
chemical assistance, may be decomposed into three parts, cream^ 
curds and u>hty. These constituents of milk have but a very slight 
affinity for each other, and you find according[ly that cream separates 
from milk by mere standings It consists chiefly of oil, which being 
lighter than the other parts of the milk, gradually rises to the sur- 
face. It is of this, you know, that butter is made, which is nothing 
more than oxygen? ted cream. > 

Caroline. Butter, then, is somewhat analagous to the waxy sub- 
stance formed by the oxygenation of vegetable oil. 

J^Irt. B. Very much so. 

Emily But is the cream oxygenated by churning f 

Jdrs. B. Its oxygenation commences* previous to chuming, 
merely by standing expend to the atmosphere, from which it absorbs 
oxygen. The process is afterwards completed by churning ; the 
violent motion which this operation occasions brings every particle 
of cream in contact with the atmosphere, and thus facilitates its 
oxygenation. 

Caroline. But the efiect of churning, 1 have often observed in the 
dairy, is to separate the cream into two substances, butter and but- 
ter-milk. 

JVfn. B. That is to say, in proportion as the oily particles of the 
cream become oxygenated, they separate from the other constitu- 
ent parts of the cream in the form of butter. So by churning you 
produce, on the one band, butter, or oxygenated oil ; and, on the 
other, butter-milk, or cream deprived of oil. But if you make but-- 
ter bv churning new milk instead of cream, the butter-milk will 
then oe exactly similar in its properties to cream or skimmed milk. 

Caroline. Yet butter-milk is very different fro^ common skim- 
med milk. 

JUn. B. Because yon know it is customary', in order to save time 
and labour, to make butter from cream alone. In this case, there- 
fore, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey. Besides, in consequence of the milk re- 
maining exposed to the afmosphere during the separation of the 
cream, the latter becomes more or less acid, as well as the butter- 
milk which it yields in chuming. 

Emily, Why should not the butter be equally acidified by oxy- 
genation ? 

Mrt. jB. Animal oil fs not so^easily acidified as the other ingre- 
dients of milk. Butter, therefore, though usually made of sour oream, 
is not sour itself, because the oily part of the cream had not been 

* It is proper io mention that the oxygenation of cream, which is 
taken for granted in the^above theory, is a disputed feet.— C. 

1437. What causes the cream to rise on the top f 

1438. What is the chemical name of butter? 

1439. Why does chuming convert creara to butter? 

1440. When separation takes place in the cream, why is the but- 
ter-milk sour and (he cream sweet ? 
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acidified. Butter, however, is susceptible of becoming acid by an 
excess of oxygen; it is then said to be rancid, and produces the se- 
bacic acid, (he same as that which is obtained from fat. 

Emiiy, If that be the case, might {lot rancid butter be sweetened 
by mixing with it some substance that would take the acid from it ? 

Mrs. B. This idea has been suggested by Sir H. Davy, who 
supposes, that if rancid butter were well washed in an alkaline so- 
lution, the alkali would separate the acid from the butter. 

■Caroline. You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated ? 

jtfrx. a They may beseparated by standing for a certain length 
of time exposed to the atmosphere ; but this decomposition may be 
almost instantaneously effected by the chemical agency of a variety 
of substances. Alkalies, rennet,"^ and indeed almost all animal sub- 
stances, decompose milk by combining, with the curds. 

Acids and spiritous liquors, on the other hand, produce a decom- 
position by combining with the whey. In order, therefore, to ob- 
tain the whe^ pure, rennet or alkaline substances, must be used to 
attract the curds from it. 
^But if it be wished to obtain the curds pure, the whey must be 
Separated by acids, wine, or other spiritous liquors. 

Kmily. This is a very useful piece of information ; for I find 
white- wine whey, which I sometimes take when I have a cold, ex- 
tremely heating ; now, if the whey were separated by means of an 
alkali instead of wine, it would not produce that effect. 

Mrs. B. Perhaps not. But I would strenuously advise you not 
to place too much reliance on your slight chemical knowledge in 
medical matters. I do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly suspect that there must be some good reason why 
the preparation by means of wine is generally preferred. 1 can, 
howeyer, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine; it is by substituting lemon-juice, 
a very small quantity of which will separate it from the curds. 

Whey, as an article of diet, is very wholesome, being remarkably 
light of digestion. But its efiect, taken medicinally, is chiefly, I 
believe,to excite perspiration, by being drunk warm ongoing to bed. 

From whey a substance may be obtained in crystals by evapora- 
tion > called tugar of milk. This substance is sweet to the taste, 
and in its composition is so analogous to common sug^r, that it is 
susceptible of undergoing the vinous fermentation. 

' '- * Rennet is the name given to a watery infusion of the coats of 
the ^mach of a sucking calf. Its remarkable efficacy in promo- 
ting coagulation is supposed to depend on the gastric juice with 
which it is impregnated. 

]441. What causes butter to become rancid ? 
1448. How may ran6id butter be made sweet ? 
1443. How is milk from which the cream has been taken, de- 
composed, or converted into curd or whey ? 
1414. How is pure whey obtained from milk ? 

1445. How is pure curd obtained firom it ? 

1446. Why is whey as an article of diet wholesome/ 

1447. How is the sug^r of milk obtained ? 
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CaroHne. Why then is not winei or alcohol, made from whey ? 

JUrt. B. The quantity of sugar coDtained in milk is so trining, 
that it can hardly answer that purpose. 1 have heard of only one 
instance of its being used for the production of a spiritous liquor and 
this is by the Tartan Arabs : their abundance of horses, as well as 
their scarcity of fruits, has introduced the fermentation of mares' 
milk, by which they produce a liauor called koumUt. Whey is 
likewise suscseptible of being acidified by combining with oxygen 
from the atmosphere. It then produces the lacHc eund^ which you 
may recollect is classed with the animal acids, as the acid of inilk» 

Let us now see what are the properties of curds. 

Emily. I know that they are made into cheese ; bat I haye heard 
that for that purpose they are separated from the whey by the 
rennet, and yet this you have just told us is not the method pf ob- 
taining pure curds ? 

Jiira. B. Nor are pure curds so well adapted to the formation of 
cheese. For the nature and flavour of the cheese depend in a great 
measure, upon the cream or oily matter which is left in the curds ; 
80 that if every particle of cream be removed from the curds, the 
cheese is scarcely eatable. Rich cheeses, such as Cream and Stil- 
ton cheeses, derive their excellence from the quantity, as well aa 
the quality of the cream that enters inta their composition. 

Caroline, I had no idea that milk was such an interesting com- 
pound. In many respects there appears to me to be a veiy strik- 
ing analogy between milk and the contents of an egg, both in res- 
pect to their nature and their nse. They are, each of them, com- 
posed of the varions substances necessary for the nourishment of 
the young animal, and equally destUied for that purpose. 

Jars, B. There is, however, a very essential difference. The 
youne animal is formed as well as nourished, by the contents of the 
egg-shell ; whilst milk serves as nutriment to the suckling, only af- 
ter it is born. 

There are several peculiar animal substances which do not en- 
ter into the general enumeration of animal compounds, and which, 
however, deserve to be mentioned. 

Spermaceti is of this class ; it is a kind of oily substance obtained 
from the head of the whale, which, however, must undergo a cer- 
tain preparation before it is in a fit state to be made into camdles. — 
It is not much more combustible than tallow, but it is picasanter to 
bum, as it is less fusible and less g^reasy. 

^m&erg-m is another substance derived from a species of #hale. 
It is, however, seldom obtained from the animal itself, but is gener- 
allyfound floating on the^urface of the sea. 

Wax, you know, is a concrete oil, the peculiar product of thebee, 
partoftiie constituents of which may probably be derivednrom 
flowers, but so prepared by the organs of the bee, and so mixed 
with its own substance, as to be decidedly an animal product Bees' 
wax is i^aturally of a yellovr colour but it is bleached by long ex- 
posure to the atmosphere,or may be instantly whitened by th^oxy- 

1448. Do pure curds make good cheese ? 

1449. On what does the quantity of cheese depend ? 

1450. From what is spermao^ti obtained ? 
1461. What is ambergris ? 
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tnoriatic acid. The combustion of wbx is far more perfect tbait 
that of tallov7,aiid consequently produces a ^eater quantity of light 
and beat. 

Lac is a substance very similar to wax in the manner of its form- 
ation ; it is the product of an insect, which collects its ingredients 
from flowers, apparently for the purpose of protecting its eggs from 
injury. It is formed into cells, fabricated with as much skill as 
those of the hooey comb, but differently arranged. The principal 
use of lac is#n the manufacture of sealing-wax, and in making var- 
nishes and lacquers. 

Musk^ cively and castor^ are other particular productions, from 
different species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

J^rs. B. No. Far from it, for castor oil is a vegetable oil, ex- 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 

Silk is a peculiar secretion of the silk worm, with which it builds 
its nest or cocooa This insect was originally brought to Europe 
from China. Silk in its chemical nature, is very similar to the 
hair and wool of animals ; whilst in the insect it is a fluid, which is 
coagulated, apparently by uniting with oxygen as soon as it comes 
in contact with the air. The moth of the silk-worm ejects a liquor 
which appears to contain a peculiar acid, called bornbic, the proper- 
ties of which ace but very little known. 

Emily. Before we conclude the subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary state ? 

Mrs. B. Animal matter, although th^ most complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process, the putrid fermfntalion. By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen, by dro- 
g-en, nitrogen and carbon ; and thus the circle of changes through 
which these principles have- passed ir finally completed. They first 
quitted their elementary form, or their combination with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kiitsardom ; and from this they return a^ain 
to their primitive simplicity, soon to re-enter the sphere of organ- 
ized existence. 

When all the circumstances necessary to produce fermentation 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or imperfect decomposition, which conyerts it into a combusti- 
ble substance very like spermaceti. I dare say that Caroline, who 
is so fond of analogies, will'consider this a kind of animal bitumen. 

Caroline. And why should i not, since the processes which pro- 
duce these substances are so similar ? 

Mrs. B. There is, however, one considerable difference ; the state 
of bitumen seems permanent, whilst that of animal substances, thus 
imperfectly decomposed, is onl) transient ; and unless precautions 
betaken to preserve them in that state, a total dissolution infallibly 
— — ■ ■ ; > 

1452. How does wax compare with tallow for combustion ? 

1453. What is lac? 

1454. What account could yon give of silk ? 

1455. How does dead animal matter return to its original state ? 



322 



APBLOGISTIC LAMP. 



This circumstance, of tbe occasional convenion of animal 
matter into a kind of spermaceti, is of late discotrery. A mannfac- 
tare has in consequence been established near Bristol, in whksb, by 
exposing the carcasses of horses and other animals for a leDg^th of 
time unaer water, the muscniar parts are converted into this sper* 
maceti-like substance. The booes afterwards undergo a different 
process to produce hartshorn, or, more properly ammonia, and phos- 
phorus ; and the skin is prepared for leather. 

Thus art cootrives to enlarge the sphere of useful purposes, for 
which the elements were intended by nature ; and the productions 
of the several kingdoms are frequently arrested in their course, and 
variously modified, by human skill, which compels them to contri- 
bute, under new forms, to the necessities or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous ope- 
rations of nature or the ingenious efforts of art, proceed alike from 
the goodness of Providence. — To God alone man owes the admira- 
ble faculties which enable him to improve and modify the produc- 
tions of nature, no less than those productions themselves, th con- 
templating the works of the creation, or studying the inventions of 
art, let us, therefore, never forget the Divine Source from which 
they proceed ; and thus every acquisition of knowledge will prove 
a lesson of piety and virtue. 



DESCRIPTION OF THE APHLOGISTIC, W FLAME- 
LESS LAMP. 

BY DR. J. lu COMSTOCK, OF ^AaTFOBD. 



Aphlogistic, or Flameless Lamp. 




Fif. I. A. The Coil of PUtiai wire. J. TbpglaM i. .: . ii-i 
wtek. Tig. 3. Tha Lanp oomplcte D Th« tnbe for churg'iiii^' 



In the con- 
struction of this 
Lamp, tbe ob- 
ject is to keep a 
coil of wire in a 
state of ig-nitfoD, 
without 'e»ther 
flame or smoke. 

The principle 
on which it is 
constructed, I 
believe, was first 
discovered by 
Sir H. Davy. 
He found that 
on heatine^ the 
end of a piece of 
platina wire red 
hot,andinstant- 
offtht ly holding it 
near the surface 



1466. What manu&ictnre is it mentioned has recently been form- 
ed in Bristol ? 
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of some elh$r, placed in a wine glass, the wire was kept at a red 
heat as long as the experiment was continued. 

Whether Sir Humphrey pursued the subject any further, I am 
not informed. It is most probable, however, that fie did not, as it 
is stated in a London paper of the last year, that Prof. Ure of Glas- 
g^ow, had determined the circumstanc^ which modify the perform- 
ance of the lamp, and that one constructed by him was in full oper- 
ation in that city (London) and had excited much pubUc curiosity. 
This notice contained seme directions, concerning the size of the 
wire, to be used, and the manner ot coiling it. I have however seen 
no description of this lamp which would enable one readily to con- 
struct it. The following may therefore, interest such readers, as 
have seen an account of so curious a discovery. 

The principle on which the aphlogistic lamp is constructed in- 
volves two conditions, which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low de- 
gree of heat, and a metal which is a bad conductor of caloric. For 
the combustible, alcohol seems best suited to this purpose. Sulphur 
He ether, aside from its high price, and disagreeable smell, I have 
sometimes found to fail ; the ignition ceasing 'without any obvious 
cause. 

In regard to the m'etal, gold and silver, both faH in consequence 
of the rapidity with which they conduct caloric Silver, too, would 
soon be destroyed by the intense heat. Iron, although so bad a con- 
ductor, as to remain ignited for a time, soon fails, being converted 
into red oxide. - Platina seems to be the only metal adapted to our 
purpose, being a slow conductor of caloric, and not easily oxidated 
at the highest temperatures. 

This is to be drawn into wire of 56-1000 or 60-1000 of an inch in 
diameter, being about the size of card, or brass wire,*t7o. 26. Ex- 
perience has shown that this size succeeds better than any other.—- 
If larger, the heat is earned off too fast, and the ignition ceases. If 
much finer, it does not retain sufficient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coiling ofthe wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, h. fig. 1. page 322, is made by winding the wire round 
a piece of wood, cut of the proper size and shape. The size is de* 
termioed by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plane cylindrical in that part which enters 
the tube ; and slightly conical where it projects above the tube, as 
seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil was of the same shape throughout.^ 
In winding the coil, it is best that the turns of the wire should 
come in contact. Afterwards it is to be geittly extended, so as to 
leave the turns as nearly as possible to each otlicr, without touching. 
The diameter of the coil is about one sixth of an inch where it en- 
ters the tube. Its length half an inch, or a liitle less, containing 
from twenty to thirty turns of the wire. The projection above the 
tube is about one half of the length. 

B. Fig. I. is a glass tube, containing a cotton wick, which by ca- 
pillary attraction carries the alcohol up to the platina coil. The 
length of this is arbitrary, being from one to three or four inches. — 
The bore is about the sixth of an inch, so as barely to admit the coiK 
The wick, consisting of eight or ten threads, is first drawn through 
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(lie tube, and then introduced abont halfway into the coil, so as to 
come eyen with the top of the tabe. This reqaires very nice adjust- 
ment. ' If the wick is too hig^h, the wire is rapidly cooled by the al- 
cohol, and ig-nition ceases in a few moments. If too low, the eva- 
poration by the heat of the wire is insufficient. If, however, the 
other parts are well constructed, a few trials will ensure success. 

Fig. 2. shows the lamp complete. The body of it is a low vial or 
inkstand) capable of holding about two ounces of alcohol. It is 
stopped accurately with a cork, which is covered for ornament, 
wilh tin foil. The aperture for admitting the tube and wick, is made 
with a hot iron. 

D. is a small tube through which the alcohol is poured. A drop- 
ping tube is convenient for this purpose, but a small funnel is easily 
made by cutting off an inch or the-neck of a broken retort, into 
which is pushed a cork, and through this a small quill. Another 
orifice still, for letting off the air, as the alcohol goes in, may be 
made through the cork. The orifices, of course, are to be stopped, 
to prevent evaporation, after the lamp is charged. 

When the lamp is completed and charged, the alcohol is inflamed 
by holding the coil in the blaze of a candle. After letting it burn for 
a few minutes, the flame is blown out, wheo if every thing* is properly 
adjusted, the wire will continue red hot until the alcohol is exhausted. 

The explanation why the ignition of the wire is permanent, seems 
to be sufficiently simple. Alcohol, when in the state of vapour, com- 
bines with oxygen with great facility. The tern perature of the wire 
is first raised by the flame of the candle to about 600 degrees, Fah- 
renheit. This degree of heat is such as to effect the combustion of 
the alcohol with the oxygen of the atmosphere. When this is once 
effected, the caloric extricated bv the combustion of the alcohol, is 
sufficient to keep the coil at a re6 heat, whic^h again is the tempera- 
ture at which the alcohol is combustible, so that one portion of alco- 
hol by the absorption of oxygen, and the consequent extrication of 
heat, lays the foundation for the combustion of another portion ; and 
as the alcohol rises in a constant stream, so the effect is constant. 
The stream of vapour is much increased by the beat of the lower 
part of the coil, where it embraces the wick, and the temperature of 
the alcohol is increased before it reaches the part of the coil where 
combustion is effected. Sometimes the last, or upper turn of the 
wire only is kept red hot. 

This lamp, though one of the most curious inventions of the age, 
is not merely a curiosity. The facility and certainty with which, by 
means of a match, a light may be obtained from it, constitutes its 
utility. The proper matches for this purpose are prepered by dip- 
ping the common brimstone matches into a paste made by mixing 
two parts of white sugar with one part of chlorate (oxy-muriat) o( 
potash. The red French matches are of this kind, and answer the 
purpose completely. 

In cases where a light might be wanted^ but a constant one would 
be offensive, this lamp might be a great convenience ; a light being 
immediately obtained by merely touching a match to the platioa 
coiU and then to tlie wick of the candle. Physicians or others who 
are liable to be called up in the night would also find it convenient. 

The aphlogistic lamp, with the proper matches, maybe obtained 
at Mr. Charles Hosmer's Variety Store, in this City. 



A VOCABUIiARV 

OF 

OBEIKXOAL TERMS. 



A. 

Acetates. Compounds formed by the combinfttion of a baee with acetic acid. 

Acids. Compounds formed by the combination of oxygen with certain ele- 
mentary booies, forming in geiieral, a class of substances wliich are sour to 
the taste, and which unite with alkalies and metallic oxyds to form salts. 

Addules. Substances formed by the natural combination of stHne acids with 
a C{uantity of potash. The oocaHc and tartaric acids are examples. 

Atrtform fluids. Elastic fluids. Atmospheric air, and the gases are of this 
kind. Their aeriform «tate is oyvmg to the caloric with which their bases 
are combined. 

A^ffinityt chemical. A term used to express that peculiar propensity which 
substances of di^rent kinds have to unite witn each other, as acids aod 
alkalies, Slc ' 

'^/'aggreffolion. That force is so called hj which substances ol the 

same kind tend to unite, without changingr their qualities. 

qfcon^osition. That force by whicii substances of different kinds 



combine, and form a third, which aiffers from either of the tw^o first, before 
the combination. Thus muriatic acid and soda form common salt. 

Albumen. Coagulable lymph. It is contained in animal substances, as the 

serum of the blood. The white of Ojg^gs is albumen. 
« Alcohol.^ Rectified spirit of ytine. It is always the same, from whatever 
kind of spirit it is distilled. 

Alkalies. Feculiar substances which have a caustic burnine taste, and a 
strong tendency to combination, particularly with acids, and with water. 

Alloys. A combmation of any two metals, except mercury. Brass is an al* 
toy of copper and zinc. 

Amalgam. Ar mixture of mercury with any other metal. 

Analysis. Separation of the oonstltuentparts of compounds, for the pur- 
pose of detecting their composition. This is done by re-agenig- 

Annealing. Renderinff substances tough, which before were brittle. The 
metals are annealed by heating them red hot, and then cooling them grad- 
ually. 

Arseniates. Salts formed by the combination of a base with the arsenic acid . 

Asate* This name is given by the French chemists to nitrogen^ which see. , 

B. 

Balsams. Reunooe, semi'^uid substances, which Are obtained from certain 

trees by toatoy incisiens. 
MarmiiSter. 'As laatnuaent which iadicates the yariatwos of the presvare of 

the atmosfhere, as thennometem do of heat and Q0i4» 
Baae. A terai mad bycfaemists to d«Mite thoMbetance to which an acid i$ 

united to form a salt. Thns toda it. the base of conoMm 0«lt. 
Benxoates. Salts ibmed hy the union of the benacie acid with a h«ae> 
Blouhp^. An iaatrniet t» infa'easc and direct the flame of a lamp for the 

aaalyaif of minenbi wad ftr either f:heiiiical purposes. 

28 
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j99f«to . Stlti fonned by the contttnttimi of «iiy bue with the acid of borcs^ 

O* 

CUeoreoitt. A cfaemieil tens formerly applied to describe chalk, marble, anil 
all other oombiiiatioDa of lime with carbonic acid. 

CalemaHon. The apidication of heat to aalioe, metallic, or other sabstances ; 
BO regulated as to dbpriTe them of moisture, d&c. aitd yet preserve them 
in a pulveralent form. 

Obtoric The chemical term for the matter of heat. 

Jree. Is caloric in a separate state, or, if attached to other substan- 
ces, not chemiealhf united with them. 

UterU. Is the term miide use of to express that portion of caloric 



whichis chemicaliy united to any substance, so as to become a jMtrt of the 
said substance. 

Oahrimeter. An instrument for ascertaining the qnantity of caloric disen- 
gaged from any substance that may be the object of experiment. 

Calx. An old term made use of to describe a metallic oxide. 

Cfcanphoraies. Salts formed by the combination of any base with the cam- 
phoric acid. 

QqHllary. A term usually applied to the rise of sap in Yegetables, or the rise 
of any fluid in very small tubes ; owing to a peculiar aind of attractiofi^ 
called capillary attraction. 

Carbon. The basis of charcoal. 

Carbonates. Salts formed by the combination of any base with carbonic acid. 

(hrbvrets. Compound substances, of which carbon forms one of the con- 
stituent parts. Thus plumbago, which is composed of carbon and iron, is 
called carburet of iron. 

Causticity. That quality in certain substances by which they burn or cor- 
rode animal bodies to which they are applied. It is best explained by the 
doctrine of chemical affinity. 

ChalybeaU. A term descriptive of those mineral waters which are impreg- 
nated with iron. 

ChUrcoaL Wood burnt in close vessels i. it is an oxide of carbon, and gener- 
ally contains a small portion of salts and earth. Its carbonaceous matter 
may be converted by combustion into carbonic acid gas. 

Chlorine. A name lately given to the substance usually called oxy-muriatic 
acid. Its compounds are called by the name of their bases with the ending 
of one. As phosphorane, sulphurane, &c. 

Chromates. Salts formed by the combination of any base with the chromic 
acid. 

(X*rates. Salts formed by the combination of any base with citric acid. 

Coal. A term applied to the residuum of any dry distillation of animal or ve- 
ffetabie matters. 

CbAMion. A force inherent in all the particles of all substances, excepting 
light and caloric, which prevents bodies fVom falling in pieces. 

Colwnhates. Salts formed by the combination of any base with the ccdumbic 
acid. 

Cbin6tna<ton. A term expressive of a true chemicaX union of two or more 
substances ; in opposition to mere mechanical mixture. 

Combustibles, Certain substances which are capable of combining more or 
less rapidly with oxyget. They are divided by chemists into simple and 
compound combustibles. 

Osmbwdion. The act of absorption of oxygen by combustible bodies from at- 
mospheric or vital air. The word decombustion is sometimes used by the 
French writers to sigpifythe opposite operationl 

Orucibles. Vessels of indispensau>ie use in chemistry in the varioos opera- 
tions of fusion by heat. ' They are made of baked earth, or metal, in the 
form an inverted cone.- 

QrysiaUixation. An operation of nature, in which ▼arions earths^ salte, and 
metallic substances,- pass from a fluid to a solid state, assuming certain de- 
terminate geometricai figures. 
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C^ifaUixaiicnf vtaier of. Thtt portion wUch is combined with salts in the 
act of ciystallising, and becomes a component part of the said saline sub- 
stances. 

CupeL A Teasel made of calcined bones, mixed with a small proportion of 
clay and water. It is ased whenever gold and silver are refined by melting 
them with lead. The process is called cupellation. 

D. 

Decomposition. The separation of the constitnent principles of compound 
bodies by chemical means. 

Defloration. The yivid combustion that is produced whenever nitre, mix- 
ed with an inflammable substance, is exposed to a red heat. It may be at- 
tributed to the extrication of oxygen from the nitre, and its being transfered 
to the inflammable body ; as any of the nitrates or oxygenized muriates will 
produce the same effect. 

Deliquescence qf solid saline bodies^ signifies their becoming moist, or liquid, 
by means of water which they absorb from the atmosphere in consequence 
of their great attractions for that fluid. 

Deoxidize. , (formerly deoxidate.) To deprive a body of oxygen. 

Deoxidizenunt. A term made use of to express that operation by which one 
substance deprives another substance of its oxygen. It is called unburn- 
ing a body by the French chemists. 

Detonation. An explosion with noise. It is most commonly applied to the 
explosion of nitre when thrown upon heated charcoal. 

Digestion. The effect produced by the continued soaking of a solid substance 
in a liquid, with the application of heat. 

IHgester^ Papin*s. An apparatus for reducing animal or vegetable substan- 
ces to a pulp or jelly expeditiously. 

Distillation, A process for separating the volatile parts of a substance from 
the more fixed, and preservmg them both in a state of separation. 

Ductility. A quality of certain bodies, in consequence of which they may 
be dn^wn out to a certain length without fracture. 

Dulc^ficaiion. The combination of mineral acids with alcohol. Thus we 
have dulcified spirit of nitre, dulcified spirit of vitriol, &c. 

E. 

Edulcoration. Expressive of the purification of a substance by washing with 
water. 

Sjff'eroescence. An intestine motion which takes place in certain bodies, oc- 
casioned by the sudden escape of a gaseous substance. 

Efflorescence. A term commonly applied to those saline crystals which be- 

' come pulverulent on exposure to the air, in consequence of the loss of a 
part of the water of crystallization. 

S/tastidty. A force in bodies, bv which they endeavour to restore themselves 
to the posture from whence they were dteplaced by an external force. 

Elastic ftiiidS' A name sometimes given to vapours and gases. Vapour is 
called an elastic fluid ; gas, a permanently elastic fluid. 

Elective Attractions. A term used by Bergman and others to designate what 
we now express by the words chemical affinity. When chemists first ob- 
served the power which one compound substance has to decompose anoth- 
er, it was imagined that the minute particles of some bodies had a pr^er- 
e»ice for some other particular bodies ; hencp this property of matter ac- 
quired the term elective attraction. 

Elements. The simple, constituent parts of bodies which are incapable of 
decomposition ; they are frequently called principles. 

Empyreuma, A peculiar and indescribably aisagreeable smell, arising from 
the burning of animal and vegetable matter in close vessels. 

Ethers. Volatile liquids fbrm^ by the distillation of some of the acids with 
alcohdl. 

Evaporation. The conversion of fluids into vapour by heat. This appears 
to be nothing more than a gradual solution of the aqueous particles in at- 
mospheric air, owing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestly for determining the 
purity of an^ given portion of atmospheric air. The science of investiga- 
ting the difierent kinds of gases is called eudiometry. 
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P. 

flrmenUUion, A peculiar tpontuieoiMi motkni, wbicb Ukes place in oil tc- 
getable matter when exposed for a ceitun time to a proper degree of tem - 
pefstnre* 

roWfU. That white ibroaa anbetance which is left after fVeely washing the 
coagnlum of the blood, and which chiefly composes the muscttlar fibre. 

Floteers. In chemical language, are solid, dry substances, reduced to a pow- 
der by sttblimation. Tous we have flowers of arsemc, saL ammoniact of 
sulphur, &c. which are arsenic, sal. ammoniac, and sulphur, lualtered ex- 
cept in appearance. * 

Fluates. Salts formed by the combination of any base ^th fluoric acid. 

Fluidity, A term applied to all liquid substances. Solids are converted to 
fluids by combining with a certain portion of caloric. 

Flux, A substance which is mixed with metalKc ore, or other bodies to 
]m>mote their fusion ; as an alkidi is mixed with silex in order to form glass. 

Fulminaiion. Thundering or explosion with noise. We have fulminating 
silver, fulminating gold, and other fulminating powders, which explode 
with a loud report by friction, or when slightly heated. 

Fusion^ The state of a body which was solid in the temperature of the at- 
mosphere, and is now rendered fluid by the artificial application of heat. 

G. 

Gallafes. Salts formed by the combination of any base with gallic acid. 

Galvanism. A new science which offers a variety of phenomena, resulting 
fyom different conductors of electricity placed in different circumstances 
of contact ; particularly the nerves of the animal body. 

Oas. All solid eulMtances when converted into permanently elastic fluids by 
caloric, are called gases. 

Gaseous. Having the nature and properties of gas. 

Gasometer. A name given to a variety of utensns and aj^varatus contrived to 
f measure, collect, preserve, or mix the different gases. An apparatus of this 
kind is also used for the purpose of administering pneumatic medicines. 

Gelatine. A chemical term (br animal jelly. It exists particularly in the 
tendons and the skin of animals. 

Ghiten. A vegetable substance somewhat similar to animal ffelatine. It is 
the gluten of wheat flour which gives it the property of making good 
bread, and adhesive paste. Other grain contains a much less quantity of 
this nutricious substance. 

Grain. The smallest weight made use of by chemical writers. Twenty grains 
make a scruple; 3 scruples a drachm ; 8 drachms, or 480 grains m^e an 
ounce ; 12 ounces, or 5760 grains, a pound troy. The avoirdupois pound 
contains 7000 grains. 

GramUation. The (q^ation of pouring a melted metal into water, in order 
to divide it into small particles for chemical purposes. Tin is thus granu- 
lated by the dyers before it is dissolved in the proper acid. 

Gravity^ specific. This differs from absolute gravity in as much as it is the 
weight of a given measure of any solid or fluid body, compared with the 
same meanirt of distilled water. It is generally expressed by decimals. 

Chans. Mucilaginous exudations from certain trees. Gum consists of lime, 
carbon, oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

H. 

Ileatf matter qf. See Caloric. 

HermeHeally. A term applied to the closing of the orifice of a glass tube, so 
as to render it air-tight. Hermes, or Mercury, was formerly supposed to 
have been the inventor of Chemistry ; hence a tube which was closed for 
chemical purposes, was said to be Hermetically or chemically sealed. It 
is usually done by melting the end of the tube b^ means of a blowpipe. 

Hydrogen, A simple substance ; one of the constituent parts of water. 

gas. Solid hydrogen united with a large portion of calorie. It is the 

lightest of all the known gases. Hence it is used to inflate balloons. It 
was formerly called inflammable aur. 

Hydro<!arbonates. Combinations of carbon with hydrogen are described by 
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this term. Hydro-carbonate gas is procured fVom moistened charcoal by 

distillation. 
Ffydrogemgedsvlpkurets. Certain bases combined with sulphuretted hydrogen. 
jAdro-Oxides. Metallic oxides combined with water. 
lAdrometers. Instruments for ascertaining the specific gravity of spiritous 

uquors or other fluids. 
Hygrometers. Instruments for ascertaining the degree of moisture in atmos- 

t»heric air. 
Hyperoccygenized. A term applied to substances which are combined with 

the largest possible quantity of oxygen. We have muriatic acid, oxygetfi- 

sed muriatic acid, and hyperoxygenized muriatic acid. The latter can be 

exhibited only in combination. 

I- 

Inflammation. A phenomenon which takes place on mixing certain sub- 
stances. The mixture of oil of turpentine with strong nitrous acid is an 
instance of this peculiar chemical efiect. 

Infusion. A simple operation to procure the salts, juices, and other virtues 
of vegetables by means of water. 

Intermediates, A. term made use of when speaking of chemical affinity. Oil, 
for example, has no affinity for water, unless it be previously combined 
with an alkali ; it then becomes soap, and the alkali is said to be the inter- 
medium which occasions the union. 

K. 

KalL A genus of marine plants which is burnt to procure mineral alkali by 
afterwards lixiviating the ashes. 

ZMboratory. A room fitted up with apparatus for the performance of chemi- 
cal operations. 
Lactates. Salts formed by the combination of any base with lactic acid. 
Ijakes, Certain colours made by combinin&r the colouring matter of cochineal', 

or of certain vegetables, with pure alumme, or with oxide of tin, zinc, &,c. 
TMonpy Argand?s. A kind of lamp much used for chemical experiments. It is 

made on the principle of a wind furnace, and thus produces a great degree 

of light and heat without smoke. 
Xen9. A glass, convex on both sides, for concentrating the ra;^s of the sun. 

It is employed by chemists in fusing refractory substances which cannot be 

operated upon by an ordinary degree of heat. 
Levigation. The grinding down of hard substances to an impalpable powder 

on a stone with a mulier, or in a mill adapted to the purpose. 
Litharge. An oxide of lead which appears in a state of vitrification. It is 

formed in the process of separating silver from lead. 
XAxiviation. The solution of an alkali or a salt in water, or in some other 

fluid, in order to form a lixivium. 
lAxivium. A fluid impregnated with an alkali or with a salt. 
Lute. A composition for closing the junctures of chemical vessels to pre- 

vent the escape of gas or vapour in distillation. 

M. 

Maceration. The steeping of a solid body in a fluid, in order to soften it, 
without impregnating the fluid. 

MaUites. Salts formed by the combination of any base with malic acid. 

Malleability. That property of metals which fives them the capacity of be- 
ing extended and flattened by hammering. It is probably occasioned by 
latent caloric. 

Massicot. A name given to the yelUno oxide of lead, as minium is applied |o 
the red oxide. 

Matrass. Another name for a bolt-head. 

Menstruum. The fluid in which a solid body is dissolved. Thus water is a 
menstruum for salts, gums, &.c. and spirit of wine for resins. 

Metallic Oxides. Metals combined with oxygen. By this process they are 
genemlly reduced to a pulverulent fbrm ; are changed from combustible tp 
incombmtible substances ; and receive the projferty of being soluble in ^cMa. 

28* 
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Mt'nettU, Any nataral ittlnUaoe of a metalUB, earthy, or saline natnre, 

whether simple or compound, is deemed a mineral. 
Muuralizers. Those substances which are combined with metals in their 

ores ; such are sulphur, arsenic, oxygen, carbonic add, &c. 
JdRneralogy. The science of fossils and minerals. 
Mintral fyaters. Waters which hold some metal, earth, or salt, in solution. 

They are frequently termed Medicinal Waters. 
Jdolybaiates. Salts formed by the combination ef any base with the molyb- 

die acid. 
MordatUs, Substances which have a chemical affinity for particular colours ; 

they are employed by dyers as a bond to unite the colour with the cloth in- 
tended to be dyed. Alum is of this class. 
Mucilage. A elutinous matter obtained from vegetables, transparent and 

tasteless, soluble in water, but not in spirit of wine. It chiefly consists of 

<»rbon and hydrogen, with a little oxygen. 
Mudtes. Salts formed by the combination of any base with the mucous acid. 
Muffle. A semi-cylindrical utensil, resembling the tilt of a boat, made of 

baked clay ; its use is that of a cover to cupels in the assay furnace, to pre> 

vent tl^ charcoal from falling upon the metal, or whatever is the subject of 

experiment. 
Muriates. Salts formed by the combination of any base with muriatic acid. 

N. 

J^Tatron. One of the names for mineral alkali, or soda. 

J^euiralixe. When two or more substances mutually disguise each other*3 
properties, they are said to neutralize one another. 

^mtral Salt. A substance formed by the union of an acid with an alkali, an 
earth, or a metallic oxide, in such proportions as to saturate both the base 
And the acid. 

titrates. Salts formed by the combination of any base with nitric acid. 

J^itrogm. A simple substance, by the French chemists called azote. It en- 
ters into a variety of compounds, and forms more than three parts in four 
of atmospheric air. 

o. 

Ochres. Various combinations of the earths with oxide, or carbonate of iron. 

Ores. Metallic earths, which fVequently contain several extraneous matters \ 

" such as sulphur, arsenic, &,c. 

Oxalates. Salts formed by the combination of any base with oxalic acid. 

Oxide. Any substance combined with oxygen, in a proportion not sufficent to 
produce acidity. 

Oxidize. To combine oxy^ren with a body without producing acidity.t 

OpeidixemaU. The operation by which any substance is combined with oxy 
gen, in a decree not sufficient to produce acidity. 

Oxygen. A simple substance composing the greatest part of water, and part 
of atmospheric air. 

' — gas. Oxygen converted to a gaseous state by caloric. It is also 

called vital air. It forms nearly one fourth of atmospheric air. 

Oxygenize. To acidif;^ a substance by oxygen. Synonymous with oxygen- 
ate ; but the former is the better term. 

Oxygenixemeni. The production Of acidity by oxygen. 

P, 

Pellicle. A thin skin which forms, on the surface of saline solutions and otlu 

er li<][nor8, when boiled down to a certain strength. 
Phlogiston. An old chemical name for an imaginary substance, supposed to 

be a combination of fire with some other matter, and a constituent part of 

all inflammable bodies, and of many other substances. 
Phosphates. Salts formed by the combination of any base with phosphoric acid. 
Phosphites. Salts formed by the combination cf any base with pnosphorous 

acid. , 
Phosphurets. Substances formed by an union with phosphorus. Thus w^e 

have phosphuret oflime, phosphuretted hydrogen, &c. 
Plumbago. Carburet of iron, or the black lead of commerce. 



J 
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« 

Pneumaiie, Any thing r^tiaff to the aiv8 and gAtses. 

trough. A vessel filled in part with water or mercniy, for the pur- 
pose of collecting gases, so that they may be readily removed fVom one 
vessel to another. 

Precipitate, Any matter which, having been dissolved in a (laid, falls to the 
bottom of the vessel, on the addition of some other substance capable of 
producing a decomposition of the compound, in consequence of its attrac- ^ 

. tion either for the menstrunm or for tne matter which was before held in 
solution. 

Precipitation. That chemical process by which bodies dissolved, mixed, or 
suspended in a fluid, are separated from that fluid, and made to gravitate to 
the bottom of the vessel. 

Prussiates. Salts formed by the combination of any base with prussic acid. 

Putrefaction. The last fermentative process of nature, by which organized 
bodies are decomposed so as to separate their principles, for the purposn of 
reonitittff them by future attractions, in the production of new compositions. 

Pyrites. An abundant mineral found on the English coasts, and elsewhere. 
Some are sulphurets of iron, and others sulphurets of copper, with a por- 
tion of alumine and silex. The former are worked for the sake of the sul* 
phur, and the latter for sulphur and copper. They are also called Marca* 
sites and Fire-stone. 

marticU. That species of pyrites which contains iron for its basis. 

See a full account of these^inerals in HenckePs Pyritologia. 

Pyrometer. An instrument invented by Mr. Wedgwood for ascertaining the 
degrees of heat infurnaces and intense fires, bee Philosophical transac- 
tions, vol. Ixii. and Ixiv. and Chemical Catech. 

Pyropkori. Compound substances which heat of themselves, and take fire on 
the admission or atmospheric air. See an account of a variety of experiments 
with these compositions in Wiegleb*s Chemistry, quarto, page 622, &c. 

a. 

Quartx. A name given to a variety of siliceous earths, mixed with a small 
portion of lime or alumine. Mr. Kirwan confines the term to the purer 
Kind of silex. Rock crystal and the amethyst are species of quartz. 

R. 

Radicals. A chemical term for the Elements of bodies ; which see. 

— - compound. When the base of an acid is composed of two or .more 

substances, it is said that the acid is formed of a compound radical. The 
sulphuric acid is formed with a simple radical ; but the vegetable acids, 
which have radicals composed of hydrogen and carbon, are said to be acids 
with compound radicals. 

Reagents, Substances which are added to mineral waters or other liqnidsas 
tests to discover their nature and composition. 

Realgar. Red sulphurretted oxide of arsenic. 

Receivers. Globular g:las8 vessels adapted to retorts for the purpi&se of pre- 
serving and condensing the volatile matter raised in distillation. 

Rectification^ is nothing more than the re-distilling a liquid to render it more 
pure, or more concentrated, bv abstracting a part of it only. 

Reduction. The restoration of metallic oxides to their oiiffinal state of me- 
tals ; which is usually effected by means of charcoal and fluxes. 

R^ning. llie process of separatmg the perfect metals from other metalUe 
substances, by what is called cupellation. 

Refrigeratory. A contrivance of any kind, which, by containing cold water, 
answers the purpose of condensing the vapour or gas that arises in distilla- 
tion. A worm-tub is a refrigeratory. 

Repilus. In its chemical acceptation, signifies a pure metallic substancea 
freed from all extraneous matters. 

Repulsion. A principl.e whereby the particles of bodies are prevented from 
coming in actual contJict. It is thought to be owing to caloric, which 
has been called the repulsive power. 

Resins. Vegetable juices concerted by evaporation either spontaneously or 
by fire. Their character is solubility in alcohol, and not in water. It seems 
that they owe their solidity chiefly to their union with oxygen. 
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Retort A vessel in t)ie shape of a pear, with its neck bent downwards, 
used in distillation ; the extremity of which neck fit's into that of another 
bottle called a receiver. 

Bock-crysUU. Crvstallized silex. 

S. 

Saccholaies. Salts formed by the combination of any base with saccholactic 
acid. 

Salifiable bases. All the metals, alkalies, and earths, which are capable of 
combining with acids, and forming salts, are called salifiable bases. 

Saline. Partaking of the properties of salt. 

l^ltSf neutral. A class of substances formed by the combination to saturation 

of an acid with an alkali, an earthy or other salifiable base. 
■■ — triple. Salts formed by the combination of an acid with two bases or 
radicsds. The tartrate of soda and potass (RocheUe salt) is an instance of 
this kind of combination. 

Saponaceous. A term applied to any substance which is of the nature or ap- 
pearance of soap. 

Saturation. The act of impregnating a fluid with another substance, till no 
more can be received or imbibed. A fluid which holds as much of any 
substance as it can dissolve, is said to be saturated with that substance. 
A solid may in the same way be saturated with a fluid. 

Sebates. Salts formed by the combination of any base with sebacic acid. 

Sani-Metal. A name formerly given to those metals which, if exposed to the 
fire, are neither malleable, ductile, nor fixed. It is a term not used by 
modem chemists. 

SiHceous Earths. A term used to describe a variety of natural substances 
which are composed t^iefly of silex ; as quartz, flint, sand, &c. 

Sin^k Substances. Synonymous with Elements ; which see.* 

&neHtJig. The operation of fusing ores for the purpose of separating the 
metals they contain, from fhe sulphur and arsenic with w)uch they are mi- 
neralized, and also ^om other heterogeneous matter. 

Solution. The perfect union of a solid substance with a fluid. Salts dissolv- 

> ed in water are proper examples of solution. 

^ars. A name formerly given to various crystallized stones ; such as the 
fluor spar, the adamantine spar, &c. These natural substances are now 

, distinguisned by names which denote the nature of each. 

Stalat^ites. Certain concretion of calcareous earth found suspended like ici- 
cles in caverns. They are formed by the oozing of water, through the^re- 
vices, charged with this kind of earth. 

l^eaHtes. A kind of stone composed of silex, iron, and magnesia. Also call- 
ed French chalk, Spanish chalk, and soap-rock. 

Sub'Salts. Salts with less acid than is sufficient to neutralize their radicles. 

Suberates. Salts formed by the combination of any base with the suberic acid. 

Sublimation. A process whereby certain volatile substances are raised by 
heat, and again condensed by cold into a solid form. Flowers of sulphur 
are made in this way. The soot of our common fires is a familiar instance 
of this process. 

Succinates. Salts formed by the combination of any base with the auccinic acid. 

Suljfkates. Salts formed by the combination of any base with the sulphuric acid. 

Sulphites. Salts formed by the combination of any base with the sulphurous acid 

Sulphures and Sulphurets. Combination of alkalies, or metals with sulphur. 

Sulphuretted. A substance is said to be sulphuretted when it is combined 
with sulphur. Thus we may say sulphuretted hydrogen, &c. 

Super-Salfs. Salts with an excess of acid, as the supertartrate of potass. 

Synihesis. When a body is examined by dividing it into its component parts?, 
it is called analysis; but when we attempt to prove the nature of a sub- 
stance by the union of its principles, the operation is called synthesis. 

T. 

Tartrates. Salts formed by the combination of any base with the acid of tartar. 
Temperature. The absolute quantity of free caloric which is attached to at)} 
body occasions the degree of temperature of that body. 



OF CBBMICAZ* TERMS. 333 

'TtfL That part of a cupel which is impregnated with litharge in the opera< 
tion of refining lead. It is also the name of whatever ia employed in ciian< 
ical experiments to detect the several ingredients of any composition. 

Ttsi'Pii^ra. Pajters impreffnated with certain chemical re-a^ents ; sach asr 
litmus, tunneric, radish, dtc. They are used to dip into fluids to ascertain 
by a change of colours the presence of acids and alkalies. 

T^rmometer. An instrument to show the relative heat of bodies. Fahren- 
heit's thermometer is that chiefly used in England. Other thermometers 
are used in diflerent parts of Europe. 

Tinctures. . Solutions of substances in spiritous menstrua. 

Trituraiion, A chemical operation whereby substances are united by fric- 
tion. Amalgams are made by this method. 

TubtdaUd. Retorts which have a hole at the top for inserting the materials 
to be operated upon without taking them out of the sand heat, are called 
tubulaUdteXoTis, 

Tungsiaies, Salts formed by the combination of any base with tungstic acid. 

V . 
Vacuum. A space unocxupied by matter. The term is generally applied to 

the exhaustion of atmospheric air by chemical or philo80|^ical means. 
Vapour. This term is used by chemists to denote such exhalations only as 

can be condensed and rendered liquid a^ain at the ordinary atmospheric 

temperature, in opposition to those which Kxe permaiuntly elastic. 
Vited Air. Oxygen cas. The empyrial or fire-air of Scheele, and the dephlo- 

gisticated air of Priestly. 
Vitrification. When certain mixtures of solid substances, such as silez and 

alkali, are exposed to an intense heat, so as to be fused, and become glass, 

they are then said to be vitrified, or to have undergone vitrification. 
Vitriols. A class of substances, either earthy or metallic, which are combi- 

ned with the vitriolic acid. Thus there is vitriol of lime, vitriol of iron,. 

vitriol of copper, &.c. These salts are now called Sulphates, because the 

acid which forms them is called sulphuric acid. 
Vitriolated Tartar. The old name fdr sulphate of potass. 
Volatile Alkali. Another name for ammonia. 

VolaiiU SaUs. The commercial name for carbonate of ammonia. ' 

Volatility. A property of some bodiea which disposes them to assume the 

gaseous state. This property seems to be owing to their affinity for caloric 
Volume. A term made use of by modern chenusts to express the space occU' 

pied by gaseous or other bodies. * 

Union, chemical. When a mere mixture of two or more substances is made, 
they are said to be mechanically united ; but when each or either sub- 
stance forms a component part of the product, the substances have form- 
ed a chemical union. 

w. 

IVater. The most common of all fluids, composed of 85 parts of oxygen, 
and 15 of hydrogen. 

mineral. W aters which are impregnated with mineral and other sub- 
stances are known by this appellation. These minerals are generally held 
in solution by carbonic, sulphuric, or muriatic acid. 

TVay, dry. A term used by chemical writers when treating of analysis or de- 
composition. By decomposing in the dry way, is meant, by the agency of 
fire. 

TVayt humid. A term used in the same manner as the foregoing, but expires- 
sive of decomposition in a fluid stated or by means of water, and chemical 
reagents, or tests. 

Welding Heat. That ^gree of heat in which two pieces of iron or of plat i- 
na may be united by hammering. 

WoUfnnn. An ore of tungsten eontsining also manganese and irdn. 

Wwm 7V6. A chemical vessel with a pewter worm fixed in the inside, and 
iB the intermediate spaee filled with water. Its use is to cool liquors du- 
ring distiUatiott. 
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Wauffe^s appartbu. A contrivance for distilling the mineral aci^ and other 
gaaeona ralMUnces with little loss ; being a train of receivers with safetj- 
pipei, and conne<^ed together by tubes. 

z. 

^^re. An oxide of cobalt, mixed with a portion of siliciouB matter, ft is 
miported in this state from Saxony. 

Zero. The point from which the scale of a thermometer is graduated. Thus 
Celsius's and Reaumur's thermometers have their zero at the frtezing 
point, while the thermometer of Fahrenheit has its zero at that point at 
which it stands when immersed in a mixture of snow and common salt. 



LIST OF EXPERIMENTS. 

In making up the following list of experiments, I have been care- 
ful in general to select such as can be made with safety to the young 
student ; where this is not the case the caution is mentioned. Most 
of them require but very simple apparatus. Where any experi- 
ment illustrates the text, a reference is made to the page. Some 
of them are original, others are borrowed. I have not, however, 
deemed it necessary to cite authors. 

1. To show that beat is not absorbed, but reflected by polished 
metallic surfaces, bold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. 

%,' To show the power of a black sur&ce to absorb caloric, 
smoke or paint a black spot of the size of a dollar on the bottom 
of a tin paa, and hold it towards the fire. On touching this spot^ 
it wiQ be found hot, while the parts around it remain cold. See p. 
46. 

3. To make the upper part of a vessel of water boil, while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
to occupy two inches. Freeze this, so as not to burst the tube, with 
a freezing mixture, or by exposure to cold in winter. Then fill the 
tube nearly full of water, and wind a flannel cloth several times 
around the part containing the ice, so that the beat of the band will 
not melt it. Then hold the tube in an oqlique direction over a 
lamp, so as to heat the water an inch or two above the ice. The 
water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost to the surface of the ice, without melting 
it. See p. 52. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size' and length, of gold, silver, 
copper, iron, zinc, tin, &c. The wires may be 12 or 14 inches long. 
Coat one end of each with bees wax, and put the other ends into a 
vessel of hot water. The wax will melt first on the metal which is 
the best conductor, and the comparative conducting powers are cal- 
culated by the difference of time between the mdting of the wax 
on each. See p. 51. 

5. The conducting powers of different substances in regard to ca- 
loric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, and a piece of cork^ wood, or cloth 
with the other. Here the sensation of cold, to the hand which 
touches the metal, is owing to the power which all metals have of 
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coDdacting off heat, more rapidlj than any other class of substan- 
ces. See p. 49* 

6. To show that evaporation carries off caloric, moisten the bulb 
of a thermometer tobe with ether, by means of a hair pencil. Tfae> 
mercury immediately beg^s to talh and if the {>rocess be continu*- 
ed, may be brought down to the freezing point, even in warm 
weather. Whenever a fluid substance is converted into vapour, it 
absorbs a quantity of caloric. In the present case, the ether takes 
from the boibof the thermometer, the caloric necessary to give it 
the elastic form. Therefore, every new application of theethet 
carries off successive portions of heat, and the mercury continues 
to sink, until the bulb becomes so cold, as to absorb caloric from the 
surrounding air, faster than it is carried off by the evaporation. Thk 
is the reason why the mercury cannot be depressed below a certain 
point by evaporation. The ether, although it assumes the elastic 
A>rm, does not receive the caloric necessary for tliis purpose from 
the thermometer, but from the surrounding air. See p. 73. 

7. To demonstrate that fluids boil at comparatively small degrees 
of heat, when the pressure of the atmosphere is taken off, about half 
£11 with water a small retort, or Florence flask (common oil flask,) 
and let it boil over a lamp. When the upper part is filled with steam 
take it firom the lamp, and instantly cork it air tight. If now it is 
put into cold water, it begins to boil violently. Ii taken out of the 
water, it stops boiling, and this may be done many times. This 
curious method of making water boil by the application of cold, is 
easily accounted for. When the flask is put into cold water,the steam 
with which it was filled, is condensed and returns a^ain to water. 
This leaves a vacuum, in which water is converted into steam, or 
boils, at a much lower temperature than in the open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
Tory curious circumstance may be observed : When the water is 
cold, and consequently nearly a perfect vacuum is formed, if the re- 
tort is shaken, there is produced a sharp rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken into a thousand parts at ev*- 
ery motion. This is owing to the weight with which the water falls 
upon the glass, when there is no air to impede its motion. See p. 64. 

i). Into a thin glass vessel pour an ounce or two of water, and 
then poilr in two drams of sulphuric acid ; the glass will instantly 
become too hot to be held in the hand. This experiment elucidates 
the doctrine of latent heat. On mixing these two fluids, a chemic- 
al combination takes place between their particles, in consequence 
of which calorio is extricated at the same time their bulk is dimin- 
ished. This also illustrates Dr. Black's law, that when substances 
pass from a rarer to a denser state, caloric is given out. If one 
measure of sulphoric acid, and one of water, be mixed together, the 
mixture will not again fill the measure twice. See p. 77. 

10* To procure fdirr^en, take a bell glass or larger tumbler, and 
invert it over a short taper, set in a shallow dish of water. ^The ta- 
per bums until it absorbs ail the oxygen contained in thew under 
the bell glass. What remains is nitrogen. If now a Ugfited taper 
be put under the bell glass, it will be instantly extinguished, show- 
ing the absolute necessity of oxygen for the support of combustion. 
See p 100. 

. 1 1. The fimnation of water by the bumiog of hydrogen may te 
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tkoiratbas: Tsk* a FloreoM iaak and pour into it balf a pintot 
■ water, then put id about an ounce of |^ranulated ziiic« or Uie same 
quantity of iron fihnrs, and then pour in half an oonoe bj Boensare 
of sulphuric acid. Have ready a cork, pierced witib a bnraing^ iron, 
and the Btem of a tobacco pipe paned throogh the apartore. After 
putting in the acid, put the cork in its place, and fix the flarii up 
right by setting it in a bowl, surrounded by a cloth to make it stand 
up and present its breaking. As the hydrogen is formed, it taaoes 
through the stem crf^tlte toracco pipe, at the end of which it is to be 
fixed. If now a glass tiit>e two or three £eet long, and an inch or 
two wide be pasMd on to the stem so as to include the iame within 
its bore, tbe tube, in a few moments will be covered on the inside, 
with moisture. Seep. 109. 

If the orifice of the tube is quite snail at the end where the gas is 
fired, the above experiment serves to produce the muMual totiec. — 
3ee p. 118. 

IS. An exhibition of^a« li^ may be made as foUows : Into tbe 
bowl of a common tobacco pipe put a piece of mtaem^, or what is 
called sea-coal, and cover the coal closely with clay. When tbe 
clay is dry, place the bowl in the fire and beat it slowly. In a few 
minutes the gas, called earbttrretUd hydrogen will issue fran tbe 
end of the pipe stem ; set fire to it with a candle, and it will bam 
with a beautiful bright flame. This is the.gas with which the stfeets, 
factories, kc. are lighted in many of the European cities. 

la the absence of mineral coal, a walnut, small piece af pme 
knot, or butternut meat, &c. may take the place of coal. See p. 1^. 

13. The following gives an example of the manner in which sul- 
phurio^acid is formed. 

Bfix with a small Quantity of the flowers of sulphur, abcmt one 
fifth part of finely pulverized nitre. Make a stand by hollowing 
with a hammer a large button, and attaching wire to the eye, for 
feet, so that the button will be two inches high; or, by any other 
means, place the sulphur and nitre about this height in a shallow 
dish, containing an inch or two of water. Set fire to tbe mixture 
with a hot iron, and immediately invert over it a bell g^ass^ or large 
tumbler. The sulphur as it bums, absckrbs oxygen from tbe air 
contained under the bell glass, in a pi^portion wlucb would coosti- 
tute 8uIphuro«<« acid. At tbe same time, the heat which this pro- 
cess occasions, compels the nitre to give out another pioportioa 
of oxygen, wliich is absorbed by the sulphurous acid, smd this addi- 
tional quantitv of oxygen, constitutes sulphuric acid. See p. ISO. 

14. Take three parts of nitre, two of potash, and one of sulf^ur, 
and mix them intimately, by rubbing in a mortar. This compound 
is called fulminating powder. On placing a little of it on a shovel 
over a hot fire, it explodes witli great violence, and with a peculiarly 
stunning report. 

The combustion of phtisphuretud hydrogen m oxjrgengas, ai^ 
fords one of the roost striking and beautiful among cheaucal exper- 
iments. It is done as foUows : Take some phospbuietof lime, wrap 
it in a paper and push it under a vessel, as a wide mouthed vial, Med 
with water, and inverted on tlie shelf of the water bath. As soon as 
the water penetrates through the paper so as to wet the phosphnret of 
lime, bubbles of phosphuretted hydrogen, b^in to rise up trough 
the water. While this is going on, fill a strong glass vessel, as a 
tumbler, or a piece of thick glass tubeitppped at aae &bA^ with ox- 
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^en gas. la^ert tins also on tbe sbelf of the water batb. When Ibe 
phosphuretted bydrogen is collected, take the Tcssel contaimog it in 
one oand, and tuat coDtainiog tbe oxjgen io the other; briogflbe 
mouth of the former, by siDkiD^ it deeper in the water, under tbe 
edge of tbe latter vessel, then by carefuUv depressing tbe bottom 
of the vessel containing the pfaospbaretted hydro|feQ, let up a bub- 
ble at a time into the oxygen gas. If this expenment is made in a 
darkened room, the flashes of light appear astonishingly yi^rid and 
beautiful. See p. 135. 

16. Take six or eight mins of oxy»muriate qfj^dasht put it inlto 
a mortar and drop in with it about a grain of solid phosphorus, cut 
into two or three parts; then rob them together with the pestle.— 
Very violent detonations are produced by these small quantities. It 
is bebt, therefore, not to use more than is here moa tinned at a time. 
The hand holding the pestle ought always to be protected witb^ 
^love or handkerchief. 

11. To make liquid phosphorus, take an ounce vial and half fill H 
with oljve oil, put into tbe oil a piece of phosphorus of the size of a 
pea ; rradually heat tbe bottom of tbe vial, until the phosphorus is 
■aeltea, taking care to keep the thumb on the mouth ; then cork it 
air ti^ht. If this vial is first shaken, and then the cork be taken 
out, it becomes luminous, first near tbe mouth, and gradually down 
to the oil, at -the bottom. The liebt which a bottle prepared in tbia 
way g^ves, narticulariy if warmed, by boldinr it in the hand, is sof- 
fioent to ten the hour of night by a watch. This luminous appear- 
ance, when the cork is removed, is owing to the union of tbe oxy- 
gen of the atmosphere with the phosphorus. It is slow combustion, 
attended with light, and most probably with some heat. 

18. If drawings be made on silk with a solution of nitrate of sil* 
ver, and the silk first moistened, is exposed to a stream of hydrogen 
^8, or in any other way exposed to the action of this gas, the metal 
IS instantly revived, aim the silk is covered with figures of silver.— 
See p. 155. 

19. If a few drops of a solulsoo tf nitrate of silver in water, ht 
placed on a bright surface of copper, the silver is revived, and gives 
the copper a brilliant white coat of thai metat This is explained 
on the principle of affinity. The copper has a stron|rer attraction 
for the acid which composes a part or the nitrate of surer, tha9^t|# 
silver itself has. Therefore it attracts the acid from the silver, in 
coaseouence of which this is received, and at the taoe time pff fi^ 
pitatedon the copper. See p. 155. , ,/«' 

20. Take a little of tbe white arsenic of the shops, an4i|i|ix,it 
with some finely ground charcoal ; put the mixture into aami^^ljss 
tube closed at one end, and expose the part wliere tbe mixtuJ^e iji^te 
a moderat^Mnree of heat gradually raised ; the arsenic will be re- 
ceived, and will attach itself to the upper part of the tube, giving |t 
a brilliant metallic coat like <^uick silver. The arsenic may 1^ 
preserved in this state by stopping up the tube. See p. 155. 

SI. Dissolve a tea-spoonful of sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a 8trin|;> a piece of zinc. The nine deeomposes the 
acetate of lead by depnvin^ it of its oxygen ; the conseqnebce is 
that die lead is precipitated m tbe metallic state, on and around the 
doc, and forms a bnlhant tree of metal. 

S3. Poar a solution of nitrate of silver into a glass yesieli aniim- 

8» 
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mene a fen tXipB of copper in it. In a ilMrt time a pofiion of cop* 
per frill he liiesoired, and aU the silver pTeei|»tat«a in a naetallic 
form. If the solution wMch now containt copper be decattted into 
nnother rlass, and pieces of iron added to it, this metal will tben be 
dissolved, and the copper precipitated, jielding a striking iostaiice 
of peculiar affinities. See p. 276, 

23. Ivory may be coated with silver by the following process. 
Make a strong solution of nitrate of silver in pore water ; into tfaiS} 
immerse a piece of ivory until it turns yellow; then take it net and 
immediately plunge it into a vass^ of distilted water exposed to the 
direct rays of the sun until it turns black. On rubbing it gently it 
will appear covered with a briUtant coat of silver, resembling a bar 
of that metal. This curious effect is owing to the solar light which 
decomposes the nitrate of silver, by taking the oxygen from it, 
wiitch flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a bladder and tube, the lime water 
instantly becomes white and turbid, and finally deposits a quantity 
of carbonate of lime in the form of powdered chalk. If now the water 
be evaporated, a white powder remains which effervesces with 
acids. If this powder is pot into a retort, and snlphuric acid diluted 
with water is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, uad 
the salt remaining in the retort will be sulphate of linM or gypsum. 

25. Mix one part of nitric acid with S or 4 parts of water io a 
vial ; into this f>ut some copper filings, and in a few momettts poor 
off the liquid ; it will be colourless. If new there foe added aeme 
Uquid ammonia, another colourless fluid, the mixture Vecomes of 
lan intense and beautiful bhte. Henoe ammonia is a moat delicate 
'test for the presence of copperj with which it strikes a deep fole^ co- 
lour. See p. 187. 

26. Put into a vial of pure water a few drops of the tinetmie of 
npt galls, made by steeping the galls in water; into another vial ef 
'pure water put a grain or two'of the sulphate of iron. If these co- 
lourless fluids are mixed, they instantly become biadt. Tincture 
of galls is a most delicate test for the presence of iron, with which 
it strikes a black. These two substances form the basis of ink. See 

' 37. Take two small glass jars, or tumblers, and fill one with ear^ 
"benic acid ffoe, and the other with oxygen goi. Have them set up* 
right with a cover on each. If a lighted taper be plunged into the 
Vessel cofitifining the carbonic acid, it is extinguished instantly ; 
'hut if it is immediately phinged into the other jar containing the oxy* 
gen, it is as instantly lighted with a sort of explosion. See p. S36. 

28. Put eight or ten grains of pxy^muriaterf pdeuh into a tea^ 
cup, and then pour in two or three drachms of alcohol.-^ If now about 
two drachms of sulphuric acid is added, the mixture begins to dart 
forth little balls of blue fire, and in a minute or two, the whole 
li^iirsts into flame* The alcohol is inflamed by the chlorine wliich 
is set free from the salt, in consequence of the combination which 
takes place between the potash and the sulphuric acid. See p. 23€b 

29. Into a glass tube half an inch or an inch wide, two or three 
^nches long/ with a bulb at the end, pot a grain or two of iodise. 
'Wairm the tube, fbut cot at that part where the iodine is,) and in^ 
ifiediately oerk it ^tagtit; the tube remains colourless, theie being 



fiXfKRIHRNTS. 939 

0oly a few little specks here and tliere. If at anjf Ume the tube be 
wanbed at that pairt frfaere the iodine is, it is instaotty fiUed with a 
g^8 of a most beautiful violet eoloQis if care is taken to keep the 
tube well closed, so that the iodine does not escape, when it takes 
the form of gas, this effect wiU always be produced whenerer the 
tube is warmed. A tube with two bulbs, like what is called a puUe 
glasi^ containing the iodine heraaeticatiy sealed, would be better. 
Such a little apparatus would be quite a curiosity to those who 
know nothing of the nature of iodine. See p. 238* 

30. Write on paper with a solution of the nitrat of silver, taking 
care not to hare it so strong as to destroy the paper. So long as it 
18 kept in the dark, or if the paper be closely folded « the writing re- 
mains invisible ; btit on exposure to the rays of the sun the charac- 
ters turn yellow, and finally black, so that they are perfectly legible. 

Mr. Accum says, that this chai^ of colour is owing to the par- 
tial reduction of the oxide of silver, from the light expelling a por- 
tion of its oxygen ; the oxide therefore approaches to the metallic 
state ; for when the blackness is examined with a deep« or power- 
ful magnifier, the particles of metal may be distinctly seen. 

31. Write on paper with a dilute soiatioB of common sugar of 
lead : the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dip()ed in water impregnated with sulphu- 
retted hydrogen, the metal is revived, and the letters appear in 
metallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts theoxyren from the ox- 
ide of lead, and causes it to re-approach to the metallic state : at the 
same time, the sulphur of the sulphuretted hydrogen gas combines 
with the metal thus regenerated, and converts it into a sulphuret 
which exhibits the-metallic colour. 

32. Write on paper with a solutioti of the sulphate of copper. If 
this is strong, the writing will be of a faint green colour ; if weak, 
the characters are invisible. On holding the paper over a vessel 
Containing some liquid of ammonia, w if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
colour. On exposing the paper to the sun, the colour disappears, 
because the ammonia eraporates. 

33. Put a small piece of phosphorus into a cruclUe, cover it close- 
ly with common cnalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. W hen the 
whole has become perfectly red-hot, remove them from the fire, and 
when cold, the carbonic acid of the chalk will have been decompo- 
sed, and the Black Charcoal, the ba»s of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a flat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub, moisteoed with water, introduce a flat, thick piece of heated 
iron, on which place some gum benaoin in gross powder. The ben- 
zoic acid, in consequence of the heat, will be separated, and asoeod 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This wall 
serve as an example of Sublimation. 

35. Mix a little acetate of lead with an equal portion of sulphate 
of cine, both in fine powder ; stir them together with a piece of 
glass or wood, and no chemical chaftge wiU be peroeptible : but if 
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'they be nibbed toigjether in a laortar, the two solids will dperate on 
each otber ; an Ultimate unioa will lake place, and a fluid will be 
produced. If alnm or Glaaber salt be used instead of sulphate of 
zinc, the experiment will be equally successfuL 

36. If tiie leares of a plant, fresh ^tbered, be placed in the soO) 
▼ei7 pure oxygen tns may be collected. 

37. Put a little fresh calcined magnesia in a tea-cup uoon the 
hearth, and suddenly pour orer it as much concentrated sulphuric 
acid as will cover the magnesia. In an instant sparks wiU be thrown 
out, and the mixture will become completely ignited. 

38. If a few pounds of a mixture of iron fiJing^s and sulphur be 
made in paste with water, and buried in the ground for a few hour?, 
the water will be decomposed with so much rapidity, that combus- 
tion and flame will be the consequence. 

39. For want of a proper glass vessel, a table spoonful! of ether 
may be put into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured upon it, the ether will 
expand, and tl^e bladder become innated. 

40. Procure a phial with a glass stopper accurately ground into 
It ; introduce a few copper filings, then entirely fill it with liquid am- 
monia, and stop the phial so as to exclude all atmospheric air. If left 
in this state, no solution' of the copper will be effected. But if the 
bottle be afterwards left open for some time, and then stopped, the 
metal will dissolve, and the solution will be colourless. Let tne stop- 
per be now taken out, and the fluid will become blue, beginning at 

> the surface, and spreading g^radually throagh the whole. If this blue 
solution has not been too long exposed to the air, and fresh copper 
filings be put in, again stopping the bottle, the fluid wiU once more 
be deprived of its colour, which it will recover only by the re-ad- 
mission of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a little boracic acid be stir- 
red together in a tea-cup, and then set on fire, they will produce a 
beautiful green flame. 

4*2. Alloy a piece of silver with a portion of lead, place the alloy 
'jpon a piece of charcoal, attach a blowpipe to a gasometer, char- 
ged with oxygen gas, light the charcoal first with a bit of paper,and 
keep up the heat by pressing upon the machine. When the metals 
get mto complete fusion, the lead will begin to burn, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the no- 
ble metals. 

- '43. Burn a piece of iron wite in a deflagrating jar of oxygen gas, 
and suffer it to bum till it goes out df itself. Ifa lighted wax taper 
be now let down into the e^, this will bum in it for sometime, and 
then become extinguished. If ignited sulphur be now introduced, 
this will also burn mr a limited time. Lastly, introduce a morsel of 
phosphorus, and combustion will also follow in like manner. These 
experiments show the relative combustibility of different substances. 

44. Drop a piece of phosphorus, about the size of a pea, into a 
tumbler of hot water, and from a bladder, furnished with a stop cock, 
force a stream of oxygen gas directly upon it. This will afford the 
most Jbfilliant combustion under water that can be imagined. 

45. Take an amalgam of lead and mercury, and another amalgam 
of bismuth, let these two solid amalgams be mixed by triturO} and 
they will instantly become fluid. 
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46. Into distilled water drop a little spiritous 8<4utioii of sqap., fto 
chemical effect will be perceived ; but if some of the same solution 
be added to bard-water, a milkioess will immediately be produced, 
more or less, acGording to the degree of its impurity. This is a good 
method of ascertainiog the parity of spring water. ' 

47. To siiVer copper or brass.— Clean the article intended to be 
silvered, by means of dilute nitric acid, or by scouring it with a 
mixture of common salt and alum. When it is perfectly bright) 
moisten a little of the powder, known in commerce by the name of 
Hlverinff prwder, with water, and rnb it for some time on the per- 
fectly clean surface of copper, or brass, which will become covered 
with a coat of metallic silver. It may afterwards be polished with 
soft leather. 

The silvering powder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and pat pieces of copper into the so- 
lution ; this will throw down the silver in a state of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potasn, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi- 
tate silver from its solution in nitric acid by copper, as before : to 
half an ounce of this silver, add common salt and muriaUe of ammo- 
niae, of each two ounces, and one drachm of corrosive snblimate ; 
rub them together, and make them into a paste with water. With 
this, copper oteosils intended to be silvered, that have been previ- 
ously boded with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red-hot, and polished* 

48. To prove that the air of the atmosphere always contains car- 
bonic acid. This may be sbewn by simply pouring any quantity of 
barytic waier» or lime water, repeatedly from one vessel into an- 
other. The barytic water when deprived of thexontaot of air, is 
perfectly transparent; butitinstanthr becomes milky, and a white 
precipitate, which is carbonate of'^barytes, is deposited, whu^ 
Drought into contact with it for a few minutes only. ^ r* 

The quantity of carbonic acid contained in the atmosphere, sel- 
dom varies, except in the immediate vicinity of pieces wnere DBspi- 
ration and combostioB are going on in the large way, and is idxHit 
one hundredth part 
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Acetous fermentation, 267 Alchemiqta^ 15 
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Alamine, 196 

Alamiam, 19 

Amalgam, 163 

Amberig^t, 320 

Amethyst, 197 

Amianthas, 901 

Ammonia, or Tolatile alkali, 169, 

181,188 
Ammooiacal gas, 188 

bow obtained, 191 
Analysis, 138 

of reretables, S41 
Animals, 283 
Animal acids, 392 

colours, 294 

beat, 311 

oil, 292 
Animalization, 287, 895 
Antidotes, 191 
Antimony, 20 
Aqua fortts, 216 

re|^a,160 
Arrak, 262 
Argand's lamp, 107 
Arsenic, 20, 163, 165 
Arteries, 298 
Arterial blood, 306, 308 
Asphaltum, 270 . 
Assafoetida, 249 
Assimilation, 297 
Astringent principle, 253 
Atmosphere, SI, 95, 108 
Atmospherical air, 95 
Attraction of aggregation, or co- 
hesion, 21, 171 
Attraction of composition, 23, 

171 
Azote, or nitrogen, 214 
Azotic gas, 95 

B 
Balsams, 249 
Balloons, 122 
Bark, 282 
Barnes, 192, 197 
Basis of acids, 204 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 253 
Bile, 303 
Birds, 297 
Bismath, 20 
Bitumens, 270 

Black lead, or plumbago, 145 
Bleaching, 210 
Btow-pipe, 140, IS% 



Blood, 303, 305 
Blood-ressels, 309 
Boiling water, 67 
Bombic acid, 292, 204 
Bones, 295 . 
Boractc acid, 204, 226 
Boracium, 19, 227 
Boratof80da,227 
Brandy, 261 
Brass, 162 
Bread, 244 
Bricks, 197 
Brittle metals, 20 
Bronze, 162 
Butter, 318 
Butter-milk, 318 
C 
Calcareous earths, 224 

stones, 223 
Calcium, 20 
Caloric, 29 

absorption of, 46 

conductors of, 48 

combined, 69 

expansire power of, 30, 
31 

equilibrium of, 39 

reflection of, 46 

radiation of 40, 43 

solrent power of, 59 

capacity for, 70 
Calorimeter, 83 
Calx, 102 
Camphor, 240 
Camphoric acid, 204, 253 
Caoutchouc, 240, 249 
Carbonats, 226 
Carbonat of ammonia, 190 

lead, 150 

lime, 199 

magfnesia, 201 

potash, 184 
Carbonated hydrogen gas, 144 
Carbon, 137 
Carbonic acid, 142 
Carburet of iron, 145 
Carmine, 294 
Cartilage, 297 
Castor, 321 

Cellular membrsme, 300 
Caustics, 164 
Chalk, 199,226 
Charcoal, 137 
Cheese, 320 
Chemical attractioPy 2t 
Chemistry, 13 
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Chest, 904 

China, 197 

Chlorine, 18 

Chrome, 20- 

Chyle, 298 

Chyme, 303 

Citric acid, 204, 253 

Circulation of the blood, 305 . 

Civet, 321 

Clay, 38 

Coke, 270 

Coal, 270 

Cobalt, 20 

Cochineal, 274 

Cold, 40 

from evaporation, 80 
Colours of metadlic ozyds, 151 
Columbium, 20 
Combined caloric, 69 
Combustion, 99 

volatile products of, 107 

fixed products of, 107 

of alcohol, 263 

of ammoniacal gas, 188 

of boracium, 227 

by oxy-muriatic acid, or 
chlorine, 231 

of carbon, 140 

of coals, 119, 145 

of charcoal, by nitric acid 
215 

of candles, 118, 147 

of diamonds, 140 

of ether, 266 

of hydrogen, 109, 116 

of iron, 105 

of metals, 152 

of oils, 147 

of oil of turpentine by ni- 
trous acia, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 
Compound bodies, 17 

or neutral salts, 182 
Conductors of heat, 48 

solids, 50 

fluids, 51 

Count Ruraford*s theory 
51 
Constituent parts, 17 
Copper, 20, 165 
Copal, 249 
Cortical layers, 282 
Cotyledons, or lobe, 278 



Cream, 318 

Cream of tartar, or tartrit of pot- 
ash, 262 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary heat, 55 
Curd, 319 

Cuticle, or epidermis, 300 
Cyanogen, 293 

Decomposition, 16 

of atmospherical air, 98, 
100 
. of water, by the Voltaic 
battery, 1 12 

of salts by the Voltaic bat- 
tery, 179 

of water by metals, 113 

by carbon, 144 

of vegetables, 254 

of potash, 168 

of^oda, 169 

of ammonia, 169 

of the boracic acid, 227 

of the fluoric acid, 228 

of the muriatic acid, 229 
Deflection, 221 
Definite proportions, 177 
Deliquesence, 21 1 
Detonation, 115, 123 
Dew, 62 
Diamond, 138 
Diaphragm, 804 
Digestion, 302 

Dissolution of metals, 87, 157 
Distillation, 127, 208 

of red wine, 261 
Divellent forces, 176 
Division, 16 
Drying oils, 246 
Dyeing, 250 

£ 
Earths, 181 
Earthen-ware, 197 
Eflervescence, 157 
Efilorescence, 211 
Elastic fluids, 31 
Electricity, 86, 90, 92 
Electric machine, 88 
Electnh>magnetism, 94 
Elective attraction, 174 
Elementary bodies, 17 
Elixirs, tinctures, or quinteecen- 
ces,263 
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Eoamel, 197 

Bpidermis of Teg^etables, 282 

of animals 300 
Epsom salts, 201 
Equilibrium of caloric, 39 
Essences, 147, 247 
Essential or rolatile, oils, 147, 

247 
Ether, 65, 265 
Evaporation, 61 
Evergreens, 286 
Eudiometer, 134 
Expansion of caloric, 30 
Extractive colouring matter, 250 

P 
Falling stones, 161 
Fat, 318 
Feathers, 296 
Fecula, 244 
Fermentation, 256 
Fibrine, 287, 292 
Fire, 16, 26 
Fish, 316 

Fixed air, or carbonic acid, 140, 
223 

alkalies, 181 

oUs, 146,245 

products of combustion, 
106 
Flame, 119 
Flint, 185, 195 
Flower of blossom, 284 
Fluoric acid, 228 
Fluorium, or Fluorine, 28, 289 
Formic acid, 292 
Fosstt wood, 271 
Frankincense, 249 
Free or radiant caloric, or heat 

of temperature, 29. 
Freezing mixtures, 77 

by evaporation, 45, 80 
Frost, 62 
Fruit, 285 
Fuller's earth, 196 
Furnace,' 145, 150 

Galls, 253 

Gallatofiron,213 

Gallic acid, 2t3y 25S 

Galvanism, 9S 

Gas, 95 

Gas-lighta, 120 

Gaseous oxyd of oarbon, witto^ 

geo, 142, 217 
Gastdc juice, 302 



Gelatine, or jdlhr, 287, 283 

Germination, 277 

Gin, 262 

Glands, 295, 299 

Glass, .185 

Glauber's salts, or sulpbat of soda 

184 
Glazing, 197 
Glucium, 19 
Glue, 189 
Gluten, 244 
Gold, 20, 160 
Gum, 242 

arabic, 243 

elastic, or caoutcboiic, S49 

resins, 249 
Gunpowder, 221 

Gypsom, or Plaster of Paris, or 
sulphat of lime, 212 
H 
Hair,299 

Harrogate water, 132 
Hartehom,]88, 190 
Heart, 306 

wood, 283 
Heat, 26 

of capacity, 71, 74 

of temperature, 29 
Honey, 344 
Horns, 289 

Hydro carbonat, 124, 145 
Hfydrogen, 109 

gas, no 

Jasper, 195 
Ice, 83 
Jelly, 289 
Jet, 270 

Ignes fiitui, 135 
Ignition, 68 

Imoondetable agmKi, 18 
Inflammable air, 109 
Ink, 213 
Insects, 254 
Integrant partft, 17 
Iodine, f 09, S3T 
Iridium* 20 
Iron, 20, 150, 161 
Isivglf^, 2l)9 
Ivory black, 294 

KaU^187 

Koumiss, 320 ^ 

L 
Lac, 321 • 
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liactic acid, 292, 3S0 
Lakes, colours, 250 
Lamp without flame, 107, 322 
Latent heat, 73 
Lavender water, 263 
Lead, 20, 151, 156 
Leather, 251, 391 
Leaves, 280 
Life, 239 
Ligaments, 297 
Light, 18 
Lightning, 215 
Lime, 198 

water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
Liver, 299 
Lobes, 278, 309 
Lunar caustic, or nitrat of silver, 

164,222 
Lungs, 307, 309 
Lymph, 298 
Lymphatic vessels, 298 

M 
Magnetic needle, 94 
Magnesia, 201 
Magnium, 19 
Mafic acid, 204, 253 
Malt, 258 

Malleable ipetals, 20 
Manganese, 20, 150 
Manna, 244 
Manure, 274 
Marble, 226 
Marine acid, or muriatic acid, 

229 
Mastic, 249,263 
Materials of animals, 287 

of vegetables, 239 
Merpury,20, 162 

new mode of freezing, 83, 

163 
Metallic acids, 160 

oxyds, 150 
Metals, 149 
Meteoric stones, 16 1 
Mica, 201 
Milk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miners' lamp, 125 
Mixture, 60 
Molybdena, 20, 160 



Mordant, 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 241 

membrane, 300 
Muriatic acid, or marine acid, 

229 
Muriats, 234 
Muriat of ammonia, 188, 237 

lime 78 , 

soda or common salt, 167 
234 

potash, 235 
Muriatum, 19 
Muscles of animals, 295 
Musk, 321 
Myrrh, 249 

N 
Naphtha, 270 

Negative electricity, 25, 84y 88 
Nerves, 299 

Neutral, or compound salts, 202 
Nickel, 20, 161 

Nitre, or nitrat of potash, or salt- 
petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azq^G) 96 

gas, 96 
Nitro-muriatic acid, or aqua rc- 

gia, 160 
Nitrous acid gas, 217 

air or nitric oxyd gas, 218 
Nitrats,221 
Nitrat of copper, 165 

ammonia, 219,221 

potash, or nitre, or saltpe- 
tre, 2^ 

silver, or lunar caustic, 
222 
Nomenclature of acids, 202 

compound salts, 1 72 
Nomenclature of other binary 

compounds, 135 
Nut-galls, 213 
Nut-oil, 245 
Nutrition, 295 

O 
Ochres, 151 
Oils, 146, 247 
Oil of amber, 271 

vitriol, or sulphuric acid, 
206 
01ive>oil,245 
Ores, 150 
Organized bodies, 239 
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Orfans of aniinals, 999 

rei^tables, 239 
Osmiam, Wj 163 
Oxalic aci4, t04, «53 
Oxjds, 103, 157 
Oxyd of manfancse, 105 

iron, 102 

lead, 151 

sulphur, ISDl 
OxydatioD, or oxyg^natiOD, 157 
Oxygeo, 18, 139 

gras, or vital air, 95 
Oxy-muriatic acid, S90 
Oxy-inuriats, 335 
Oxy-mariat of potash, 835 

PaUadium, 20, 163 

Papin's digester, 290 • 

Parenchyma, 277, 263 

Particles, 21 

Pearl-ash, 183 

Ptel, 271 

Peculiar juice of plants, 283 

Perfect metals, 20, 153 

Perfumes, 247 

Perspiration, 310 

Petrifaction, 269 

Peiftcr, 162 

Pharmacy, 14 

Phosphat of lime, 213 

Phosphorated hydrogen gas, 135 

Phosphorescence, 28 

Phosphoric acid, 213 

Phosphorus, 132 
acid, 213 

Phosphuret of lime, 135 
sulphur, ty 

Pitch, 248 

Plaster, 201 

Platina, 20, 153 

Flatina igpiited by a lamp with- 
out flame, 322 

Plating, 162 

Plumbago, or black lead, 161 

Plumula, 278 

Porcelain. 197 

Positive elect rid ty, 25, 84, 88 

Potassium, 168 

Pottery, 197 

Potash, 182 

Precipitate, 24 

Pressure of the atmosphere, 67, 
68 

Printers* ink, 232 
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potash, 293 
Prussic acid, 293 
Putrid fermantatMAt 268, 021 
Pyrites, 212, 161 
Pyrometer, 32 

Quicklime, 198 
Quiescent forces, 176 

R 

Radiation of caloric, 39 

Provost's theory, 40 
Pictet's explanations, 41 
Leslie's illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

Reflection of calorici 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metab, 156, 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystal, 195 

Ruby, 193 

Rum, 261 

RttSt» 150, 155 

S 

Saccharine fermentation, 257 

Sal ammoniac, or muriat of am- 
monia, 188 

polychrest, or sulpbat of 

potash, 210 
voiatile,or carbooat of am- 
monia, 190 

Salifiable basis, 172 

Salifying principles, 172 

Saltpetre, or nitre, or oitrat of 
potash, 220 

Salt, 21Q 

Sand, 195 " 

Sandstone, 195 

Sap of plants, 257, 241 , 283 

Sapphire, 193 

Saturation, 60 

Seas, temperature of, 54 

Sebacic acid, 246 

Secretions, 292 

Seeds of plants, 258, 285 

Seltzer water, 143, 200 

Senses, 300 
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Silex, or silica, 195, 191 

Siliciam, 19 

Silk, 321 

Silrer, 153 

Simple bodies, 18 

Size, 289 

Skin, 288 

SlakiDg of lime, 900 

Slate, 196 

Smelting metals, 150 

Smoke, 107 

Soap, 183 

Soda, 187, 169 

water, 143 
Sodiam, 19, 169 
SoUs, 273 
SolderiDg, 162 
Solubility, 211 
Solution 58 

bribe air, 61 

of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 ^ 

Spirit lamp, 264 
Starch-sugar, 242 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Snccin, or yellow amber, 271 
Succinic acid, 204, 253 
8ugar> 240, 259 

of milk, 319 
Sulphats»211 
Super-oxygenated sulphuric acid 

202 
Sulphat of alumine, or alum, 196, 
212 

barytes, 198 

iron, 912 

lime, or gypsuro,or plaster 
of Paris, 212 

magnesia, or Epsom salt, 
201,212 
' potash, or salt poljchrest, 
210 

soda, or Glauber's salts, 
2 I 
Sulphur, 126 



Sulphur, flowei^ of, 127 
Solphuriated hydfogen g^, 13 V 
SnlphureU, 160 
Sulphureous acid, 130,208 
Sulphuric acid, 207 
Sympathetic ink, 165 
Synthesis, 138 

T 
Tan, 251 
Tannin, 251 
Tar, 248 

Tartarous acid, 253 
Tartritof potash, 254 
Teeth, 296 
Tellurium, 20 
Temperature, 29 
Thaw, 85 
Thermometers, 34, 35 

Fahrenheit's, 34 

Reaumer*B, 34 

Centrigrade, 34 

air, 35 

differentia], 36 
Thunder, 123 
Tin, 20 

Titanium, 20, 163 
Turf, 270 
Turpentine, 173 
Transpiration of plants, 279 
Tungsten, 20, 160 
V 
Vapour, 68, 76,266 
Vaporisation, 61 
Varnishes, 249 
Vegetables, 238 
Vegetable acid, 240, 148 

colours, 250 

beat, 285 

oils, 244 
Veins, 301, 306 
Venous blood, 306, 308 
Ventricles, 307 
Verdigris, 165 
Vessels, 298 
Vinegar, 267 
Vinous fermentation, Zo^ 
Vital air, or oxvgen eaa, 96 
Vitriol, or sulpha! of iron, 206 
Volatile oils, 240, 244, 247 

products of combustion, 
106 

alkali, 181, 188 
Voltaic battery, 86, 149, 153, 166 
179 

U 
Uranium, 20 
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W 

Water, 109, 113 

decomposition of by elec- 

tncity, 113 
' condensatipo of, 64 

of the sea, 54 

boiling^, 58 

solution by, 58 

of crystallization, 159 
Was, 320, 945 
Wbey, 318 
Wine, 258 



Wood, 283 

Woody fibre, 240, ^t 

Wool, 296 

Y 
Teast, 267 
Yttria, 192 
Yttrium, 19 

Z 
Zinc, 19 
Zicoraia, 192 
Zincominm, 19 
Zoonic acid, 204, 292 
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